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ABSTRACT
The s t u d y  was based  on e l e c t r o m y o g r a p h i c  
i n v e s t i g a t i o n  t e c h n i q u e s *  S u r f a c e  b i p o l a r  p a i n t - o n  
e l e c t r o d e  t y p e  was employed.  Data  a n a l y s i s  was m a n u a l ly  
m a n i p u l a t e d .  The m u sc l e s  u n d e rg o in g  i n v e s t i g a t i o n  were 
t h o s e  o f  t h e  l i p  m u s c l e s :  o r b i c u l a r i s  o r i s  i n f e r i o r i s ,  
d e p r e s s o r  l a b i i  i n f e r i o r i s  and m en ta l  i s .  M uscu la r  a c t i v a t i o n  
o f  e ach  m u sc l e  was s t u d i e d  in  t e rm s  o f  two d i m e n s i o n s :  
t im e  d im e n s io n  and i n t e n s i t y  d i m e n s io n .  Time d im e ns ion  
( i n  m se c . )  was d i v i d e d  i n t o  two c a t e g o r i e s :  t i m e - o n s e t  
and t i m e - d u r a t i o n .  I n t e n s i t y  was s t u d i e d  by c o m p a r in g  tem pora l  
d i f f e r e n c e  o f  a v e r a g e d  i n t e g r a t e d  c u r v e s  o f  vowel p r o d u c t i o n  
o f  t h e  same m u s c l e .  M u s cu la r  a c t i v a t i o n  o f  t h e  t h r e e  m u s c l e s  
was a l s o  s t u d i e d  from t h e  p o i n t  o f  v iew  o f  t i m e - c o o r d i n a t i o r f ;  
t h a t  i s  t o  s a y  t h e  s e q u e n c e  o f  a c t i v a t i o n  o f  t h e  m u s c l e s  
in  t h e  p r o d u c t i o n  o f  a s p e c i f i c  vowel o v e r  a p e r i o d  o f  t i m e .
The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  d i s c u s s e d  
in  t e r m s  o f  t h e  r o l e s  o f  t h e  t h r e e  m u s c l e s  i n  t h e  a r t i c u l a t o r y  
a s p e c t s  o f  t h e  v o w e l s .  Also  d i s c u s s i o n s  i n  r e l a t i o n  t o  
t r a d i t i o n a l  views o f  t h e  u n i v e r s a l i t y  o f  t h e  s y l l a b l e  s t r u c t u r e  
CV, t h e  t r e a t m e n t  o f  rounding , ,  t e n s e / l a x  i n  t h e  d i s t i n c t i v e  
f e a t u r e  model o f  phonology  a r e  p r e s e n t e d .
ACKNOWLEDGEMENTS
I w ish  t o  e x p r e s s  my deep  g r a t i t u d e  t o  P r o f e s s o r  
Eugen ie  J .A .  Henderson  f o r  h e r  i n v a l u a b l e  s u p e r v i s i o n ,  
i n i t i a t i o n ,  e ncou ragem en t  a s  w e l l  a s  h e r  k i n d n e s s .
P ro found  t h a n k s  a r e  due t o  a l l  t h e  L i n g u i s t i c s  I n s t i t u t e ,  
P h y s i o l o g i c a l  P h o n e t i c s  L a b o r a t o r y  s t a f f  o f  Stockholm 
U n i v e r s i t y ,  Sweden, Dr .  R.  M c A l l i s t e r ,  Mr. J a n  C a r l s o n ,  
e s p e c i a l l y  Dr .  J .  L u bke r ,  f o r  t h e  a b u n d a n t  g e n e r o s i t i e s  
t o  l e t  me use  one o f  t h e  s p l e n d i d  P h o n e t i c s  L a b o r a t o r i e s  
i n  t h e  w o r l d ,  and t h e  i n v a l u a b l e  a d v i c e  on t h e  t e c h n i c a l  
a s p e c t s .  I would l i k e  t o  e x p r e s s  my s p e c i a l  g r a t i t u d §  t o  
Mr. S to n e  o f  t h e  D epa r tm en t  o f  L i n g u i s t i c s ,  U n i v e r s i t y  o f  
London,  f o r  h i s  e l a b o r a t e  a s s i s t a n c e  needed  in  t h e  t e c h n i c a  
p a r t  o f  d a t a  p r e s e n t a t i o n s .  I would l i k e  t o  e x p r e s s  my 
s p e c i a l  t h a n k s  t o  Acharn P a i r o j  Rochanapanya and Acharn 
Sompoch Anegasukha o f  S t a t i s t i c s  and t v a l u a u o n  D epa r tm en t  
Ramkhamhaeng U n i v e r s i t y , f o r  t h e i r  s t a t i s t i c a l  a s s i t a n c e .  
F i n a l l y ,  I d e b t f u l l y  t h a n k  Ramkhamhaeng U n i v e r s i t y  f o r  t h e  





CHAPTER 1 O r i e n t a t i o n  o f  E le c t ro m y o g r a p h y
CHAPTER 2 L i t e r a t u r e  Review & P r e s e n t  Work
Data C o l l e c t i n g  P r o c e d u r e s  
CHAPTER 3, R e f e re n c e  o f  t h e  S tudy  " S t a n d a r d  Thai
CHAPTER 4 The S tudy  o f  o r b i c u l a r i s  o r i s
i n f e r i o r i s  m usc le  a c t i v i t y  in  
monophthongs 
CHAPTER 5 The S tudy  o f  o r b i c u l a r i s  o r i s
, i n f e r i o r i s  m usc le  a c t i v i t y  in  
d i p h th o n g s  and t r i p h t h o n g s  
CHAPTER 6 The S tudy  o f  d e p r e s s o r  l a b i i
i n f e r i o r i s  m u sc l e  a c t i v i t y  
CHAPter 7 The S tu d y  o f  m en ta l  i s  m usc le  a c t i v i t y
CHaPlhK s Muscle C o o r d i n a t i o n
CHAPTER 9 General  D i s c u s s i o n
BIBLIOGRAPHY 
INDEX o f  I l l u s t r a t i o n s  
INDEX o f  T a b l e s
INDEX vdf I n t e g r a t e d  C u r v e s . ( IC)
INDEX o f  Averaged I n t e g r a t e d  Curves (AIC)
INDEX o f  D i f f e r e n c e  Curves 






















Index  o f  I l l u s t r a t i o n s
F i g u r e  I .
F i g u r e  I I .  
F i g u r e  I I I ,  
F i g u r e  IV
F i g u r e  V* 
F i g u r e  VI*
F i g u r e  V I I .  
F i g u r e  V I1 1 0 
F i g u r e  IX0
F i g u r e  X- 
F i g u r e  XI. 
F i g u r e  XII* 
F i g u r e  X I I I*
F i g u r e  XIV*
Index  o f  Tab ! e s  
T a b l e  I 0
T a b l e  I I .
T a b l e  I I I *
A d i ag ra m  o f  a ne rv e  c e l l  and im pu lse  
c i r c u l a t i o n .
Diagrams o f  a motor  u n i t *
An i l l u s t r a t i o n  o f  EMG p o t e n t i a l s  
Schemes o f  f i b r e s  o f  d i f f e r e n t  k inds  
o f  m u s c l e .
S c he m a t ic  d i a g r a m  o f  l a b i a l  m u s c l e s .  
I l l u s t r a t i n g  t h e  l o c a t i o n  o f  M.
D e p r e s s o r  L a b i i  I n f e r i o r i s  and t h e  
d i r e c t i o n  o f  c o n t r a c t i o n .
S c h e m a t ic  d i ag ra m  o f  M. Mental  i s .  *
S c h e m a t ic  d i a g ra m s  o f  t h e  t h r e e  m u s c l e s .  
Sc he m a t ic  d iag ra m  o f  t h e  l o c a t i o n s  o f  
t h e  s u r f a c e  b i p o l a r  p a i n t - o n  e l e c t r o d e s .
A d iag ram  o f  t h e  r a c k .
Sc he m a t ic  d i ag ra m s  o f  t h e  i n s t r u m e n t a t i o n .  
Scheme o f  t h e  t im e  d im e n s io n  m e a s u r e m e n t s .  
Scheme o f  t h e  manual  t e c h n i q u e  t o  o b t a i n  
an a v e ra g e d  i n t e g r a t e d  c u r v e  (AIC) .
The t e c h n i q u e  d e m o n s t r a t i n g  how t o  o b t a i n  
a D i f f e r e n c e  Curve (DC).
001 A n t i c i p a t i o n  f o r  Rounding 
G e s t u r e  in  Monophthongs*
001 D u r a t i o n  f o r  Rounded Monophthongs .
I n i t i a l  Rounding A n t i c i p a t i o n





















T a b l e  IVa.  F i n a l  Rounding A n t i c i p a t i o n  and - 73
Time-Lag i.n D iph thongs  ( e n d i n g  
w i t h  ro u n d in g  g e s t u r e ) .
T a b l e  IVbe F i n a l  Rounding Time-Lag i n  D iph thongs  73
( e n d in g  w i t h  r o u n d in g  g e s t u r e ) .
T a b l e  Vo 001 Muscle  A c t i v i t y  D u r a t i o n  f o r  76
D iph thongs  w i t h  i n i t i a l  r o u n d i n g .
T a b l e  VI0 001 Muscle  A c t i v i t y  D u r a t i o n  f o r  77
D iph thongs  w i th  f i n a l  r o u n d in g  g e s t u r e .
T a b l e  V i l a  I n i t i a l  Rounding A n t i c i p a t i o n  in  83
. T r ip h th o n g S o
T a b l e  V I I b .  F i n a l  Rounding Time-Lag i n  T r i p h -  « 83
t h o n g s .
T a b l e  V I I I*  001 Muscle  A c t i v i t y  D u r a t i o n  f o r  I n i t i a l  84
and F i n a l  Rounding i n  T r i p h t h o n g s .
T a b l e  I Y. DLI A n t i c i p a t i o n  f o r  F r o n t  Monophthongs .  95 -96
T a b l e  X. DLI D u r a t i o n  f o r  F r o n t  Monophthongs ,  104-105
T a b l e  XI0 DLI A n t i c i p a t i o n  f o r  s p r e a d i n g  g e s t u r e  109-110
in  D i p h t h o n g s .
T a b l e  X I I .  DLI Time-Lag f o r  s p r e a d i n g  g e s t u r e  in  i l l
D i p h t h o n g s .
T a b l e  X I I I .  DLI D u r a t i o n  f o r  s p r e a d i n g  g e s t u r e  in  113-114
D i p h t h o n g s .
T a b l e  XlVa. DLI A n t i c i p a t i o n  f o r  s p r e a d i n g  g e s t u r e  121
i n  T r i p h t h o n g s .
T a b l e  XlVb* DLI Time-Lag f o r  s p r e a d i n g  g e s t u r e  122
i n  T r i p h t h o n g s ,
T a b l e  XV. DLI D u r a t i o n  f o r  s p r e a d i n g  g e s t u r e  i n  130-132
T r i p h t h o n g s .
vi
T a b le  XVI. Mental  i s  A n t i c i p a t i o n  f o r  Monophthongs .
T a b l e  XVII Mental  i s  D u r a t i o n  f o r  Monophthongs.
Index  o f  I n t e g r a t e d  Curves  ( IC )
IC I - X I I  o f  F r o n t  Vowels .
IC XIII-XXIV o f  Back Rounded Vowels .
IC XXV-XXXVI o f  Unrounded Vowels .
IC XXXVII—LII  o f  D i p h t h o n g s .
IC L I I I —LVIII  o f  T r i p h t h o n g s .
Index  o f  Averaged I n t e g r a t e d  Curves (AIC)
AIC I - I I I  o f  Rounded Monophthongs.
AIC IV-VII  o f  D iph th o n g s  (001 m u sc l e  a c t i v i t y )
AIC V I I I  o f  T r i p h t h o n g s .
AIC IX-XIV o f  C o m p a ra t iv e  s t u d y :  m onophthongs ,
d i p h t h o n g s  and t r i p h t h o n g s .
AIC XV-XIX o f  D ip h t h o n g s  (DLI m u s c l e  a c t i v i t y )
AIC XX-XXIi o r  2 . e l e m e n t  in  t r i p h t n o n g a l
s y l l a b l e s .
AIC XXI11—XXVII o f  monophthongs ( m e n t a l i s  m u s c l e  
a c t i v i t y )
AIC XXVIII-XXX o f  d i p h t h o n g s  ( m e n t a l i s  m u s c l e  • 
a c t i v i t y )
AIC XXXI-XXXII o f  t r i p h t h o n g s  ( m e n t a l i s  m u s c l e  
a c t i v i t y )
Index  o f  D i f f e r e n c e  Curves  (DC)
DC I - I I  o f  Rounded Monophthongs,
DC I I I - I V  o f  F r o n t  Monophthongs,
Page










8 7 -9 2 '  •*
116-120








E le c t rom yography  i s  a new t e c h n i q u e  in  n e u r o p h y s i o l o g y .
The t e c h n i q u e  t h a t  d e a l s  w i t h  e l e c t r i c a l  p o t e n t i a l s  p roduced  by 
m u sc l e  upon i t s  c o n t r a c t i o n ,  was l a u n c h e d  a l m o s t  f i f t y  y e a r s  ago 
by E n g l i s h  and American p h y s i o l o g i s t s  ( A dr ia n  and Bronk;  Denny-Brown) 
and s e v e r a l  S c a n d i n a v i a n s .  However ,  t h e s e  men and t h e i r  c o l l e a g e s  
d i d  n o t  c o n c e r n  t h e m s e l v e s  w i t h  t h e  u se  o f  t h e  new t e c h n i q u e s  f o r  
u n r a v e l l i n g  t h e  f u n c t i o n s  o f  i n d i v i d u a l  m u sc l e s  and g r o u p s  o f  m u s c l e s .  
I t  mus t  be a d m i t t e d  t h a t  t h e  e a r l i e s t  t e c h n i q u e s  were r e a l l y  n o t  
a p p r o p r i a t e  f o r  such d e t a i l e d  s t u d i e s .  When e l e c t r o m y o g r a p h y  was 
l a t e r  a p p l i e d  t o  man i t  was more f o r  d i a g n o s t i c  and c l i n i c a l  r e a s o n s
A
t h a n  f o r  -r b a s i c  k i n e s i o l o g y .
H i s t o r i c a l l y ,  a t  t h e  end o f  t h e  e i g h t e e n t h  c e n t u r y ,  in  1792,  
G a l v a n i ,  a French  p h y s i c i s t ,  d i s c o v e r e d  t h a t  s k e l e t a l  m u s c l e s  w i l l ^  
c o n t r a c t  when s t i m u l a t e d  e l e c t r i c a l l y  and c o n v e r s e l y ,  t h e y  p roduce  
o! r e t r i e d  d i s c h a r g e  '..’her, t h e y  c o n t r a c t  f~om any c r u s e .  He t e l  "even 
t h a t  m u s c l e s  s t o r e d  and d i s c h a r g e d  e l e c t r i c i t y  r e c e i v e d  from t h e  
n e r v e s .
I t  was n o t  u n t i l  in  t h e  l a t e  s i x t i e s  t h a t  e l e c t r o m y o g r a p h y  
was i n t r o d u c e d  i n t o  t h e  a r e a  o f  e x p e r i m e n t a l  p h o n e t i c s .  The H ask ins  
l a b o r a t o r y  e x p e r i m e n t a l i s t s ;  C oope r ,  L ibe rm an ,  H a r r i s  and Grubb (1958) 
a t t e m p t e d  t o  show c o r r e l a t i o n s  between e l e c t r o m y o g r a p h i c  s i g n a l s  
and phonemic u n i t s .  They p r e s e n t e d  t h e i r  p a p e r  in  t h e  I I  I n t e r n a t i o n a l  
Congress  o f  C y b e r n e t i c s ,  Namur, Belgium in  S e p t e m b e r ,  1958 .  In 1961,  
t h e  f i r s t  e l e c t r o m y o g r a p h i c  s t u d y  o f  t h e  l i p s  a p p e a r e d  on t h e  t o p i c
2" E le c t ro m y o g ra p h y  as  a s peech  r e s e a r c h  t e c h n i q u e s  w i th  an a p p l i c a t i o n  
t o  l a b i a l  s t o p s "  by Saugh t  e t  a l . Fo l low ing  t h a t ,  in 1 962, ' .1965 
H a r r i s  e t  a t  p r e s e n t e d  e l e c t r o m y o g r a p h i c  s t u d i e s  on l i p  m u s c l e  on 
t h e  t o p i c s  "Component g e s t u r e s  in  t h e  p r o d u c t i o n  o f  o r a l  and  n a s a l  
l a b i a l  s t o p s "  and "Some a s p e c t s  o f  t h e  p r o d u c t i o n  o f  o r a l  and n a s a l  
l a b i a l  s t o p s " ,  r e s p e c t i v e l y .  L a t e r ,  in  1966 ,  Fromkin r e p o r t e d  h e r  
w i d e l y  c i t e d  e l e c t r o m y o g r a p h i c  i n v e s t i g a t i o n  on t h e  t i t l e  "Neuro­
m u s c u l a r  S p e c i f i c a t i o n  o f  L i n g u i s t i c  U n i t s " .  ’ A f t e r  t h e n  P h o n e t i c s  
r e p o r t s  unde r  e l e c t r o m y o g r a p h i c  i n v e s t i g a t i o n  t e c h n i q u e s  have been 
c o n t i n u o u s l y  c a r r i e d  o u t , m o s t l y  by A m erican ,  E n g l i s h  and Swedish s c h o l a r s .
The b a s i s  o f  e l e c t r o m y o g r a p h y .
The m o to r  u n i t .  The u n i t  c o n s i s t s  o f  a s i n g l e  m o tone u rone .  I t s4
i m p o r t a n t  f u n c t i o n a l  p a r t s  a r e  t h e  c e l l  body ,  n u c l e u s ,  t h e  d e n d r i t e s  
a t t a c h e d  t o  t h e  body,  and t h e  axon w i t h  i t s  v a r i o u s  b r a n c h e s  o r  axon 
c o l l a t e r a l s  ( s e e  Fig I ) .  The axon c o l l a t e r a l s  t e r m i n a t e  e i t h e r  o n „ 
o t h e r  n e u rone s  o r  on m usc le  f i b r e s  a t  r e g i o n s  known as e n d - p l a t e s .  ~ .vv 
t he aXur\ i s  u~>ua 1 i cFt:i ecu t o  a s  t h e  ne. ve i ibv e ,  uer.ur  i t e s  ui a 
n e rv e  p r o c e s s e s  c o n d u c t i n g  t h e  n e u r a l  im p u l s e  t o w a r d s  t h e  n u c l e u s ,  
whereas  t h e  axons n o r m a l ly  c o n d u c t  t h e  n e u r a l  im p u l s e  away from t h e  
n u c l e u s  ( s e e  Fig I I ) .  F u n c t i o n a l l y ,  a s i n g l e  m u s c l e  c a n n o t  c o n t r a c t  
a s  an i n d i v i d u a l ,  i n s t e a d  i n d i v i d u a l  m o to r  u n i t s  a r e  t h e  s m a l l e s t  
f u n c t i o n a l  e l e c m e n t s .  The number o f  m u s c l e  f i b r e s  s e r v e d  by an axon 
v a r i e s  w i d e l y .  G e n e r a l l y ,  i t  has  been a g r e e d  . . tha t  m u s c l e s  c o n t r o l l i n g  
f i n e  movements and a d j u s t m e n t s  ( s u c h  a s  t h o s e  a t t a c h e d  t o  t h e  e y e b a l l ,  
and t h e  l a r y n x )  have t h e  s m a l l e s t  number o f  m u s c l e  f i b r e s  p e r  m o to r  
u n i t .  On t h e  o t h e r  hand ,  l a r g e  u n s o p h i s t i c a t e d - a c t i n g  m u s c l e s ,  f o r  
e xa m p le ,  t h o s e  in  t h e  l i m b s ,  c o n s i s t  o f  m o to r  u n i t s ,  w i t h  a c o r r e s p o n d i n g l y
3l a r g e  number o f  m usc le  f i b r e s .
The n e u r a l  i m p u l s e s  which a r e  in  t h e  form o f  a c t i o n -  
p o t e n t i a l  " s p i k e s "  descend  t h e  axon as  a s e r i e s  o f  p u l s e s  (H odgkin ,  1964) .  
The s i z e  o f  t h e  s t i m u l u s  i s  n o t  r e f l e c t e d  in  t h e  s i z e  o f  t h e  a c t i o n -  
p o t e n t i a l  bu t  in  t h e  f r e q u e n c y  o f  t h e  s p i k e s .  The g r e a t e r  t h e  s t i m u l u s  
t h e  h i g h e r  t h e  f r e q u e n c y  o f  s p i k e s  ( H a r d c a s t l e ,  1976) .  G e n e r a l l y ,  
t h e  a c t i o n  p o t e n t i a l s  p icke d  up a r e  t h e  e l e c t r i c a l  d i s c h a r g e  o f  s e v e r a l  
m o to r  u n i t s  w i t h i n  a m u s c l e ,  hence  t h e  term " E l e c t r o m y o g r a p h i c  (EMG) 
p o t e n t i a l "  i s  a l s o  in  g e n e r a l  u s e .
Motor  U n i t  R e c r u i t m e n t .  The normal p a t t e r n  o f  r e c r u i t m e n t  i s  t h a t  
u n d e r  normal c o n d i t i o n s ,  t h e  s m a l l e r  p o t e  n t i a l s  a p p e a r  f i r s t  w i th  
a s l i g h t  c o n t r a c t i o n  and as  t h e  f o r c e  i s  i n c r e a s e d  l a r g e r  and l a r g e r  
p o t e n t i a l s  a r e  r e c r u i t e d ,  and a l l  m oto r  u n i t s  i n c r e a s e  t h e i r ^ f r e a u e n c y  
o f  f i r i n g  (Henneman . e t  a l , 1965;  Olsen e t  a l , 1968;  Grimby and 
H a nne rz ,  1968 ,  1970) .  A c c o r d i n g l y ,  in  t h e  m u s c u l a r  a c t i v i t y  o f  speech
t
t h e r e  a r e  g e n e r a l l y  two p a t t e r n s  o f  EMG a c t i o n - p o t e n t i a l  s .  Leanderson  
and Lindblom (1972) gave  t h e  t e r m s :  p r e s p e e c h  o r  background  and 
a r t i c u l a t o r y  a c t i v i t i e s .  The phenomena o f  t h e  s peech  m u s c u l a t u r e  o f  
a p r e s p e e c h  a c t i v i t y  a r e  i n d i c a t e d  s l i g h t  m u s c u l a r  c o n t r a c t i o n s  o c c u r r i n g  
w h i l e  a s u b j e c t  assumes  a . p r e p a r a t o r y  speech  p o s t u r e  o f  t h e  l i p s .  
A r t i c u l a t o r y  a c t i v i t y  phenomena a r e  a s s o c i a t e d  w i t h  t h e  f i r s t  e le m en t  
o f  t h e  u t t e r a n c e  i n v o l v i n g  t h e  l a b i a l  a c t i v i t y ,  t h e  l a t t e r  a c t i v i t y  
i s  r e v e a l e d  by v i g o r o u s  EMG a c t i o n  p o t e n t i a l s  ( s e e  F ig .  I I I ) .
4- je: _ ' ^ M o re o v e r ,  MacNielage ( 1 9 7 4 :1 )
e x p l a i n e d  t h a t  some m o to r  u n i t s  in  speech  m u s c u l a t u r e  may have a doub le  
r a n g e  o f  f i r i n g :  a P r im a ry  ran g e  o f  f i r i n g  a t  low e r  r a t e s  d u r i n g  c o n s t a n t  
c o n t r a c t i o n  l e v e l s ,  and a S e c onda ry  r a n g e  o f  f i r i n g  a t  h ig h  r a t e s  d u r in g  
r a p i d  i n c r e a s e s  in  c o n t r a c t i o n .  As f o r c e  i n c r e a s e s  a r e  made t o  i n c r e a s e  
f i r i n g  f r e q u e n c i e s  o t h e r  u n i t s  a r e  r e c r u i t e d .  Accord in g  t o  MacNielage 
( 1974 :5 )  t h e  a c t i o n  p o t e n t i a l  s i z e  i s  n o t  n e c e s s a r i l y  r e l a t e d  t o  t h e  
m o to r  u n i t  s i z e  a s  s u g g e s t e d  by K e rn e l !  (1965 ;  1S66 ) ,  by Ohman ( 1 9 6 5 ) ,  
A c cord ing  t o  K e rn e l !  and Ohman' s u g g e s t i o n ,  t h e  n a t u r a l  r a n g e  o f  f i r i n g  
f r e q u e n c i e s  o f  a motoneuron  depends  in a s i m p l e  way on i t s  s i z e .  Large 
n e r v e  f i b e r s  have h i g h e r  f i r i n g  f r e q u e n c i e s  t h a n  s m a l l e r  f i b e r s .  
MacN ie lage  (1974)  s u g g e s t e d  t h a t  i t  i s  h i g h l y  d e p e n d en t  on t h e  d i s t a n c e  
o f  t h e  u n i t  from t h e  e l e c t r o d e .  G r a n i t  (1970 .  1972) gave o t h e r  e v id e n c
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c o n t r a r y  t o  t h e  s i z e  p r i n c i p l e  t h a t  t h e r e  a r e  r e l a t i v e l y  s e p a r a t e  
f u n c t i o n a l  sys tem s  c o n t r o l l i n g  m o t o n e u r o n s ,  a t o n i c  and a p h a s i c  sys tem .  
The t o n i c  sys tem i s  a s s o c i a t e d  w i t h  c o n t r o l  o f  c o n t i n u o u s  f i r i n g ;  „ 
t h e  p h a s i c  sys tem i s  a s s o c i a t e d  w i t h  r a p i d  c o n t r a c t i o n  c h a r g e s .
b e « 1 u e s ,  i t  was d i s c o v e r e d  t h a t  man can be t i a l n c l t ©  
s u p p r e s s  t h e  s m a l l ,  l o w - t h r e s h h o l d  u n i t s .  T h a t  i s ,  s u b j e c t  w i t h  
b i o f e e d b a c k  a s s i s t a n c e  c o u ld  r e v e r s e  t h e  r e c r u i t m e n t  o r d e r  o f  m o to r  
u n i t s  f rom t h e  normal  p a t t e r n  ( B a s m a j i a n ,  1965;  B asm aj ian  e t  a l  1965;  
Ashworth ,  Grimby and Kugelberg  1 9 67 ) .  I m p o r t a n t l y ,  an e l e c t r o m y o g r a o h i c  
s tu d y  o f  normal s p e a k e r s  ■ . 1 can p r o v i d e  a p r e ­
l i m i n a r y  b a s e l i n e  f o r  c l i n i c a l  a p p l i c a t i o n s  and t h e  f u r t h e r  s t u d y  o f  
a r t i c u l a t o r y  d i s o r d e r s .
Type o f  E l e c t r o d e s .  G e n e r a l l y  t h e  e l e c t r o d e s  used i n  e l e c t r o m y o g r a p h y  
a re  d i v i d e d  i n t o  two c a t e g o r i e s :  i n s e r t e d  e l e c t r o d e s ,  and s u r f a c e  
e l e c t r o d e s .  However ,  a c c o r d in g  t o  t h e i r  p h y s i c a l  a p p e a r a n c e  t h e r e  
a r e  s u b - v a r i e t i e s  in each  g r o u p ,  s e e  B a sm aj ian  (1974:  2 7 - 3 8 ) .
The a d v a n t a g e s  o f  t h e  i n s e r t e d  e l e c t r o d e s  t e c h n i q u e  a r e :
1. An i n v e s t i g a t o r  can  o b t a i n  a c c e s s  t o  t h e  n e a r e s t  l o c a t i o n  o f  m oto r  
u n i t s  o f  t h e  m usc le  unde r  i n v e s t i g a t i o n  p r o v i d e d  t h e  t e c h n i q u e  i s  u n d e r  
t h e  c o n t r o l  o f  an e x p e r t  p h y s i o l o g i s t .
2. The t e c h n i q u e  u s u a l l y  p r o v i d e s  c l e a r  and s h a rp  s p i k e s .
3 .  I t  does  n o t  y i e l d  broad  p i c k - u p  ca u se d  by t h e  i n f l u e n c e  o f  t h e  
n e i g h b o u r i n g  m u s c l e s .
D i s a d v a n t a g e s  o f  t h e  i n s e r t e d  e l e c t r o d e s  t e c h n i q u e :
1 .  B e s i d e s  t h e  p a in  n o r m a l ly  e x p e c t e d ,  i t  i s  p o s s i b l e ,  though  r a r e ,  
t o  g e t  i n f e c t i o n ,  b r a i n  damage, o r  haematoma (Kahn,  1973) .
2 . There  i s  t h e  prob lem o f  s t e r i l i z a t i o n .  S i n c e  a t h o r o u g h l y  h y g i e n i c  
t r e a t m e n t  i s  r e q u i r e d ,  t h e  n e e d l e  m us t  be l e f t  in  a l c o h o l  f o r  s e v e r a l  
h o u r s ,  a f t e r  t h a t  a u t o - c l a v i n g  and d ry  h e a t  a r e  n e e d e d .  The m a t t e r
i s  even ;.icre wOir.pl i w  led  f o r  t h e  i n s e r t e d  f ’ r .n -w l re  e l e c t r o d e s ,  as
a s p e c i a l  s t e r i l i z a t i o n  t r e a t m e n t  i s  n e c e s s a r y  t o  be a t t a i n e d  in o r d e r
t o  a v o i d  c o n d e n s a t i o n  o f  m o i s t u r e  a s  we l l  a s  m e l t i n g  o f f  t h e  nylon
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i n s u l a t i o n  (B asm a j ian  1974: 3 1 ) .
The s u r f a c e  e l e c t r o d e s  t e c h n i o u e ,  t h a t  once was n e g l e c t e d  
b e c a u s e  o f  u n s a t i s f a c t o r y  r e s u l t s ,  i s  a t  p r e s e n t  r e t u r n i n g  t o  f a v o u r  
in speech  r e s e a r c h .  Th is  i s  p a r t l y  t h e  r e s u l t  o f  t h e  r e c e n t l y  m o d i f i e d  
t e c h n i q u e  u s i n g  s u r f a c e  b i p o l a r  p a i n t - o n  e l e c t r o d e s  which was employed 
in  t h i s  s t u d y .  The t e c h n i q u e  was d e v e lo p e d  by H o l l i s  and H a r r i s o n  ( 1 9 7 0 ) ,  
and a l s o  A l l e n ,  Lubke r ,  and H a r r i s o n  ( 1 9 7 2 ) .  The p a i n t  i s  a m i x t u r e
o f  g l u e ,  a c e t o n e  and f i n e  s i l v e r  f l a k e s .  To be a b l e  t o  a p p ly  t h i s  
s e m i - l i q u i d  m o s t u r e  in  a un i fo rm  s h a p e ,  a p l a s t i c  t e m p l a t e  in which 
two smal l  h o l e s  were made was i n c l u d e d  among t h e  e l e c t r o n i c  a p p a r a t u s .  
Advantages  o f  t h e  s u r f a c e  e l e c t r o d e s  t e c h n i q u e :
1. T h e re  i s  c o n v e n ie n c e  bo th  in  p r e p a r a t i o n  and a p p l i c a t i o n .
2.  The t e c h n i q u e  g i v e s  l e s s  d i s c o m f o r t  as  w e l l  as  o f f e r i n g  no r i s k  
t o  t h e  s u b j e c t .
3. The t e c h n i q u e  i s  u s e f u l  in  c r u d e  o r  g e n e r a l i z e d  s t u d i e s ,  o r  s t u d i e s
in which  t h e  o u t  p u t  o f  a whole l a r g e  a r e a  o r  group  o f  m u s c l e s  i s  d e s i r e d .  
D i s a d v a n t a g e s  o f  t h e  s u r f a c e  e l e c t r o d e s :
1. For  t h e  t r a d i t i o n a l  s u r f a c e  e l e c t r o d e s  t h e r e  a r e  d e f e c t s  o f
e l e c t r i c a l  i n s u l a t i o n  between t h e  s k i n  and t h e  e l e c t r o d e s .
/
2. The e l e c t r o d e s  may p i c k  up t o o  b r o a d l y  u n l e s s  c a r e  i s  t a k e n  c o n c e r n in g  
t h e  m u sc l e  l o c a t i o n . .  In s p i t e ,  many o f  t h e  r e s u l t s  o b t a i n e d  c ou ld  be 
deduced  w i t h  r e a s o n a b l e  c a r e  f rom p a l p a t i o n  and d i r e c t  i n s p e c t i o n  o f
t h e  m u s c l e s  in  a c t i o n .
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In s h o r t , t h o u g h  t h e  e l e c t r o d e s  employed in  e l e c t r o m y o g r a p h y  
a c t u a l l y  arc. o f  a wide v a r i e t y  o f  t y p e s  and c o n s t r u c t i o n s ,  t h e i ^  u?^ 
depends  on t h e  fundamenta l  p r i n c i p l e .  T h a t  i s ,  t h e y  must  be r e l a t i v e l y  
h a r m l e s s  and m us t  be b r o u g h t  c l o s e  enough t o  t h e  m u s c l e  u n d e r  i n v e s t i g a t i o n ,  
t o  p i c k  up i t s  e l e c t r i c a l  d i s c h a r g e s .
P u rp o se  and scope  o f  t h e  s tu d y .
In t e rm s  o f  modern a r t i c u l a t o r y  p h o n e t i c s  " s p e e c h "  i s  
r e c o g n i s e d  a s  " . . . a  dynamic p r o c e s s  i n v o l v i n g  many c o o r d i n a t e d  a r t i c u l a t o r y  
p r o c e s s e s  r a t h e r  t h a n  as  a s e quenc e  o f  r e l a t i v e l y  s t a t i c  p o s t u r e s  i n v o l v i n g  
one o f  two o f  t h e  a r t i c u a l t o r  o r g a n s "  ( H e n d e r s o n ,  1965:  1 6 ) .  At t h e  
p r e s e n t  t i m e ,  e l e c t r o m y o g r a p h y  o f f e r s  one p o s s i b l e  way o f  g e t t i n g  a t  t h e  
p h y s i o l o g i c a l  b a s i s  f o r  p h o n o l o g i c a l  u n i t s .  In o t h e r  w o r d s ,  i t  i s  t h e
7s tu d y  o f  t h e  c o r r e l a t i o n s  between l i n g u i s t i c  u n i t s  and t h e  m oto r  commands 
i n t o  which t h e y  a r e  encoded a t  t h e  a r t i c u l a t o r y  l e v e l  in t h e  b r a i n .  As 
H i r o s e  (19714 73) s a i d  o f  t h e  u s e  o f  e l e c t r o m y o g r a p h i c  t e c h n i q u e  " . . . i t  
can p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  s peech  g e s t u r e  in  i t s  n a t u r a l  u n i t s  
a n d . . . i t  d i r e c t l y  r e f l e c t s  t h e  m o to r  command from t h e  c e n t r a l  ne rvous  
sys tem c a r r i e d  by n e u r a l  im p u l s e s .  Recen t  t e c h n i c a l  dev e lo p m en t s  in  
E lec t ro m y o g rap h y  have made p o s s i b l e  e x a m i n a t i o n  o f  t h e  a r t i c u l a t o r y  
m u s c l e s  w i t h o u t  a f f e c t i n g  n a t u r a l  s peech  p e r f o r m a n c e . "
The aim o f  t h e  i n v e s t i g a t i o n  s p e c i f i c a l l y  was t o  s t u d y  t h e
f e a t u r e s  o f  l a b i a l  m u s c u l a r  a c t i v i t y  i n v o lv e d  in  t h e  p r o d u c t i o n  o f  r o u n d e d ,
s p r e a d ,  and n e u t r a l  vowels  and t o  compare t h e  i n t e n s i t y  p a t t e r n  o f  s p e c i f i c
m u s c l e s  in  r o u n d i n g ,  s p r e a d i n g ,  and n e u t r a l  p o s t u r e s .  I t  must  be a l s o
s t a t e d  h e r e  t h a t  a c r o s s  s u b j e c t  s t u d y  was a v o id e d  due t o  t h e  r i s k  o f
■*
h igh  v a r i a b i l i t y .
In t h e  a s p e c t  o f  c o m p a r a t i v e  s t u d y ,  two h y p o t h e s i s  were t e s t e d  
The f i r s t  h y p o t h e s i s  t e s t e d  was t h a t  t h e  l i p  m u s c l e s  would d i s p l a y ,  non­
a c t i v i t y  f o r  t h e  n e u t r a l  vow e l s .  The second  h y p o t h e s i s  had t o  do w i th  t h e  
c o r r e l a t i o n  between tony ,  s n o r t ; t e n s e ,  l u x  I h u t  i t  t h e  m u s c l e s  under  s t u d y  
would d i s p l a y  a g r e a t e r  i n t e n s i t y  p a t t e r n  f o r  t h e  p r o d u c t i o n  o f  long  vowels 
t h a n  f o r  s h o r t  c o u n t e r p a r t s .
The r e s u l t s  from t h i s  s t u d y  would  be a c o n s t r u c t i v e  g u i d e l i n e  
n o t  o n l y  t o  t h e  l i n g u i s t i c  d e s c r i p t i o n  o f  Tha i  b u t  a l s o  t o  t h e  a r e a  o f  
t e a c h i n g  Thai p r o n u n c i a t i o n  as  w e l l  a s  t o  c l i n i c a l  r e s e a r c h  o f  s p e e c h .
The s t u d y  was c o n c e n t r a t e d  on t h e  a c t i v i t y  o f  t h e  t h r e e  m a jo r
\ n £ e r io r i s
l i p  m u s c l e s :  t h e  o r b i c u l a r i s  o r i s +, t h e  d e p r e s s o r  l a b i i  i n f e r i o r i s ,  and t h e  
m e n t a l i s .  The d a t a  were made a v a i l a b l e  by t h e  t e c h n i q u e  o f  e l e c t r o m y o g r a p h y .  
The i n v e s t i g a t i o n  was c a r r i e d  o u t  in  t h e  P h y s i o l o g i c a l  and Speech  L a b . ,  
L i n g u i s t i c s  I n s t i t u t e ,  Stockholm U n i v e r s i t y ,  u n d e r  t h e  s u p e r v i s i o n  o f  
Dr. James Lubker ,  Dr. R obe r t  M c A l l i s t e r ,  and Mr. J a n  C a r l s o n i d u r i n g  1976.
8V a r i a b i l i t y .
One i m p o r t a n t  e v e n t  i n e v i t a b l y  o c c u r s  in  e l e c t r o m y o g r a p h i c  
i n v e s t i g a t i o n  i s  v a r i a b i l i t y  o f  t h e  EMG p a t t e r n s  a s s o c i a t e d  w i th  
u t t e r a n c e s  which  a r e  a c o u s t i c a l l y  s i m i l a r .  A c c o rd ing  t o  Leanderson  
and Lindblom ( 1 9 7 2 ) ,  e a ch  normal  s p e a k e r  a p p e a r e d  t o  have a c h a r a c t e r i s t i c  
e l e c t r o m y o g r a p h i c  p a t t e r n  c o m p r i s i n g  background  and a r t i c u l a t o r y  a c t i v i t y ;  
t h e  r e p r o d u c i b i l i t y  o f  t h i s  p a t t e r n  was good f o r  t h e  same u t t e r a n c e  in  
t h e  same s u b j e c t .
P o s s i b l e  s o u r c e s  o f  v a r i a b i l i t y  s h o u ld  be m en t io n e d  h e r e ;  
F i r s t l y ,  p s y c h o l o g i c a l  c o n d i t i o n  o f  s u b j e c t s  i s  a c r u c i a l  p o i n t  f o r  
any EMG e x p e r i m e n t a l i s t '  t o  be aware o f .  N a t u r a l l y  a s  a c h a in  r e a c t i o n ,  
p s y c h o l o g i c a l  c o n d i t i o n  has  e f f e c t s  on c h em ica l  r e a c t i o n  in  musc le  
t i s s u e s  from which  e l e c t r i c a l  d i s c h a r g e  i s  p i c k e d  up by e l e c t r o m y o g r a p h y  
d e v i c e .  Thus ,  s u b j e c t s  in  r e l a x i n g  n a t u r e  a r e  t o . b e  chosen  than  t h o s e  
in t e n s e  o r  t em p e ra m en ta l  mood.
S e c o n d ly ,  m u sc l e  l o c a t i o n  i s  a l s o  i m p o r t a n t  in  t h e  c a s e  t h a t  t h e  '  
e x p e r i m e n t  i s  c a r r i e d  on more t h a n  one p e r i o d  o f  t im e .  Once t h e  
e l e c t r o d e s  a r e  removed o u t  f rom t h e  m u sc l e  i t  i s  indee d  v e r y  d i f f i c u l t  
t o  r e - e s t a b l i s h  t h e  e l e c t r o d e s  in  t h e  same p o s i t i o n  and l o c a t i o n  in  
o r d e r  t o  c a r r y  on t h e  same e x p e r i m e n t .
T h i r d l y ,  in  t h e  c a se  o f  manual a n a l y s i s  m easurem ent  p r o c e d u r e s  must  
bei c o n f i r m l y  d e c i d e d .  High v a r i a t i o n  may o c c u r  i f  b a s e - l i n e ,  o n s e t  
pha se  and o f f s e t  phase  o f  t h e  e l e c t r i c a l  p o t e n t i a l s  have n o t  been 
t h o r o u g h l y  and d e f i n i t e l y  d e c i d e d .  In t h e  c a s e  o f  compute r  a n a l y s i s  
l a c k  o f  v i s u a l  m o n i t o r i n g  w i l l  c e r t a i n l y  c a u se  h i g h  v a r i a b i l i t y  
b e c a u s e  a r t i f a c t s  which n o r m a l l y  o c c u r  w i l l  be i n c l u d e d .
F o u r t h l y ,  c o n s i d e r a b l e  number o f  u t t e r a n c e s  used  a s  v a r i a b i l i t y  i n d i c a t o r ,  
few u t t e r a n c e s  c a n n o t  p r o v i d e  s a t i s f i e d  d a t a  b e c a u s e  i t  does  n o t  
i n d i c a t e  w h e t h e r  t h e  p e r f o r m a n c e  i s  c o n s t a n t  o r  v a r i a n t .
9V>uscl
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PRESENT WORK DATA COLLECTING PROCEDURES
E le c t ro m y o g rap h y  in  speech  p r o d u c t i o n  r e s e a r c h  has  been 
q u i t e  an i n t e r e s t i n g  a s p e c t  o f  e x p e r i m e n t a l  p h o n e t i c s  f o r  more t h a n  
two d e c a d e s .  In  t h i s  c h a p t e r  d a t a  p r e s e n t a t i o n  and measurem ent  
t e c h n i q u e  d e m o n s t r a t e d  in EMG r e s e a r c h  p a p e r s  a r e  examined .
One o f  many i n t e r e s t i n g  p a p e r s  i s  " N e u r o -m u s c u la r  
s p e c i f i c a t i o n  o f  l i n g u i s t i c  u n i t s  " by Fromkin ( 1 9 6 6 ) .  I n  t h i s  p a p e r  
o n l y  a c t i v i t y  o f  t h e  o r b i c u l a r i s  o r i s  i n f e r i o r i s  was i n v e s t i g a t e d .
S u r f a c e  e l e c t r o d e ,  s u c t i o n  t y p e ,  was p l a c e d  a t  t h e  m edia l  l i n e  o f  t h e
i
lower  l i p  on t h e  v e r m i l i o n  b o r d e r .  Data p r e s e n t a t i o n  was made in  t h e  form 
o f  i n t e g r a t e d  c u r v e s .  Measurements  t h r o u g h  c om putu re  a n a l y s i s  p r o c e d u r e  
were made on t h e  f o l l o w i n g  p o i n t s :
(A) Peak a m p l i t u d e
f  p. - • -i /- .n  i l v  °
(C.) Onse t  o f  m u sc l e  a c t i o n  t o  a u d i o  o n s e t
(D) Audio o n s e t  t o  o n s e t  o f  m u sc l e  a c t i o n
(E) Peak a m p l i t u d e  t o  a u d i o  o n s e t
(F)  Peak a m p l i t u d e  t o  end o f  au d io  
(AO) Audio o n s e t
(AE) End o f  a u d io  s i g n a l s
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F r o m k i n ' s  Measurement  Model.
As t h e  m a t t e r  o f  f a c t  F r a n k i n '  model i s  r a t h e r  u n r e a l i s t i c .  For example ,
on t h e  a m p l i t u d e  d im ens ion  t h e r e  a r e  u s u a l l y  more t h a n  one form o f
h igh  p e a k s .  T hus ,  e s t a b l i s h i n g  t h e  a c c u r a t e  h i g h e s t  p o i n t  i s  in  f a c t
t h e  r e a l  p rob lem .  B e s i d e s ,  a lo n g  t h e  t i m e  d im e ns ion  t h e r e  i s  no c r i t e r i a
*
t o  s e t  up p r e c i s e l y  t h e  b e g in n i n g  o f  t h e  o n s e t  and c e s s a t i o n  o f  m u s c u l a r  
a c t i v i t y .
A s i m i l a r  EMG p a p e r  t o  t h a t  o f  Fromkin ,  however w i th
s o p h i s t i c a t e d  t e c h n i q u e ,  was a l s o  p r e s e n t e d  by Tatham and Morton (1967)
oofr.e u.^  e c 1 1 ‘-'gf ua  ta  i owarus  a • of P r o d u c e .o n  ,
T ha t  i s  s u r f a c e  e l e c t r o d e  s u c t i o n  t y p e  was used  bn t h e  o r b i c u l a r i s  o r i s
s u p e r i o r i s ,  and t h e  m easu rem en ts  were made on EMG i n t e g r a t e d  c u rv e s
a long  t h e  a m p l i t u d e  and t h e  t im e  d i m e n s i o n s .  N e v e r t h e l e s s  , t h e
measurement  on d u r a t i o n  p a r a m e t e r  was e s t a b l i s h e d  from t h e  p o i n t
where t h e  i n t e g r a t e d  s i g n a l  r o s e  above t h e  n o i s e  l e v e l  t o  where i t
f e l l  below t h e  same l e v e l .
A n o the r  wel l  known p a p e r  on EMG i s  " P e r i p h e r a l  Motor
Commands in  L a b i a l  A r t i c u l a t i o n "  by Ohman ( 1 9 6 8 ) .  The d a t a  p r e s e n t e d  
in  t h e  p a p e r  were c o l l e c t e d  by i n v e s t i g a t i n g  t h e  speech  a c t i v i t y  
o f  t h e  f a c i a l  m u sc l e s  o f  a male  Swedish s p e a k e r .  The m u s c u l a r  
a c t i v i t y  o f :  l e v a t o r  l a b i i  s u p e r i o r i s ,  o r b i c u l a r i s  o r i s  s u p e r i o r i s ,
i t . ,  . ,
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o r b i c u l a r i s  o r i s  i n f e r i o r i s ,  d e p r e s s o r  l a b i i  i n f e r i o r i s ,  m e n t a l i s ,  
r i s o r i u s ,  d e p r e s s o r  a n g u l i ,  was r e c o r d e d  w i t h  n e e d l e  e l e c t r o d e s .
Accord ing  t o  t h e  e l e c t r o d e  i n s e r t i o n  t e c h n i q u e  g iven  in  t h e  p a p e r  
" . . .  t h e  e l e c t r o d e  was a d j u s t e d  in  t h e  i n / o u t  d i r e c t i o n  w h i l e  t h e  
l i s t  was be in g  r e a d ,  The p r o c e s s  i s  r e p e a t e d  u n t i l  an e l e c t r o d e  
d e p th  i s  found t h a t  g i v e s  a maximal a c t i v i t y  r e s p o n s e " ,  i t  seems 
t h a t  t h e  s u b j e c t  m us t  b a re  a l o t  o f  p a in  b e f o r e  t h e  i n s e r t i o n  was 
l o c a t e d  s a t i s f a c t o r i l y .  The d a t a  p r e s e n t e d  a r e  in t h e  forms o f  raw 
EMG t r a c e ,  and i n t e g r a t e d  cu rv e  t a k e n  from t h e  amount  o f  a c t i v i t y  o f  
f i v e  r e p e a t e d  r e a d i n g s .  M a in ly ,  t h e  raw EMG p o t e n t i a l s  v/ere d i s p l a y e d  
w i th  t h e  a u d i o  s i g n a l s  c o n f i n e d  by t h e  t im e  s c a l e .  However ,  t h e r e  i s  
no s p e c i f i c  measurement  p r o c e d u r e  i n t r o d u c e d .  N e v e r t h e l e s s ,  i t  may 
be m i s l e a d i n g  when a l l  t h e  raw EMG p o t e n t i a l s  o f  t h e  m u sc l e s  i n v e s t i g a t e d  
were d i s p l a y e d  in  t h e  same c h a r t  a s  t h e  f o l l o w i n g  sample .
In a d d i t i o n  in  t h e  f i n a l  c o n c l u s i o n  p a r t ,  t h e r e  i s  a t a b l e  o f  
compar ison  o f  t h e  r e l a t i v e  d e g r e e s  o f  e x c i t a t i o n  o f  t h e  l a b i a l  m usc le s  
s t u d i e d  d u r i n g  a r t i c u l a t i o n  o f  t h e  t h r e e  vowels  i , y , u , 
a s  q u o ted  below:
i y u
l e v .  l a b .  sup. + (+) -
o r b .  sup 0 0 +
o r b .  i n f . 0 + (+)
dep .  l a b .  i n f . + - -
mental  i s 0 + (+)
r i s o r i u s + 0 0
dep.  arig. 0 0
*
+
The minus s ig n  r e p r e s e n t s  i n h i b i t i o n ,  t h e  z e r o  s i g n  u n a f f e c t e d n e s s  
o r  unknown a c t i v i t y ,  and t h e  p l u s  s i g n  e x c i t a t i o n .  I f  a c e r t a i n  
m usc le  i s  e x c i t e d  in  two v o w e l s ,  t h e  l e s s e r  d e g r e e  o f  e x c i t a t i o n  
is  s ignified  by s p*!;:: within parer.trese** a*"d the greater degree by 
a p l u s  w i t h o u t  p a r e n t h e s e s .
A c c o r d i n g l y ,  any one who examines  t h e  t a b l e  must  be aware 
o f  t h i s  compar ison  p r e s e n t a t i o n .  In t h e  a s p e c t  o f  m u s c u l a r  a c t i v i t y  
c om par i son  s t u d y ,  i t  i s  sa ve  t o  t a k e  a look  a t  t h e  t a b l e  a lo n g  t h e  
h o r i z o n t a l  d im e n s io n .  Due t o  p h y s i o l o g i c a l  d i f f e r e n c e s  among m usc le s  
and p r o b a b l y  t e c h n i c a l  a r t i f a c t s  one s h o u l d  compare on:
1.  i n t e n s i t y  p a r a m e t e r  b a s i s ,  t h e  tem pa ra l  i n t e n s i t y  m u s c u l a r  
a c t i v i t y  o f  one m usc le  a c t i v a t e d  in d i f f e r e n t  u t t e r a n c e s .
2 .  t i m i n g  p a r a m e t e r  b a s i s ,  m u s c u l a r  a c t i v i t y  o f  s e v e r a l  m u s c l e s  in  
t h e  same u t t e r a n c e  p r o d u c t i o n .
IA nothe r  i n t e r e s t i n g  EMG r e s e a r c h  p a p e r  on s pe ec h  i s  " F a c i a l  
m usc le  a c t i v i t y  in t h e  p r o d u c t i o n  o f  Swedish  vow e ls :  an e l e c t r o m y o g r a p h i c  
s tu d y "  by Hadding ,  H i r o s e  and H a r r i s  ( 1 9 7 6 ) .  In  t h i s  i n v e s t i g a t i o n  
n e e d l e  e l e c t r o d e ,  hooke d -w ire  t y p e ,  was a p p l i e d  t o ;  o r b i c u l a r i s  o r i s  
s u p e r i o r i s ,  o r b i c u l a r i s  o r i s  i n f e r i o r i s ,  o r b i c u l a r i s  o r i s  a t  t h e  a n g l e  
o f  m ou th ,  b u c c i n a t o r ,  d e p r e s s o r  l a b i i  i n f e r i o r i s ,  d e p r e s s o r  a n g u l i  o r i s ,  
m e n t a l i s ,  a n t e r i o r  b e l l y  o f  t h e  d i g a s t r i c .  The e x p e r i m e n t  was r e p e a t e d  
t h r e e  t im e s  w i t h i n  a 6-week p e r i o d  which  means t h a t  t h e r e  m ig h t  be 
d i f f e r e n c e s  c o n c e r n in g  m usc le  p l a c e m e n t .  T h u s ,  t h e r e  w^as- g r e a t  v a r i a t i o n  
o c c u r r e d  between t h e  r u n s .  A p p a r e n t l y ,  d a t a  p r e s e n t a t i o n s  were in  t h e  
form o f  EMG i n t e g r a t e d  c u r v e s  r e v e a l i n g  m u s c u l a r  i n t e n s i t y  p a t t e r n s  
u n d e r l i n e d  by appox im a te  d u r a t i o n  b a r s  in  msec ,  s c a l e .  T h e r e  was no 
p r e s e n t a t i o n  o f  raw EMG t r a c e .
A n o th e r  EMG r e s e a r c h  on s peech  " M usc le  a c t i v a t i o n  f o r  l a b i a l  
sp e e c h  g e s t u r e s "  by Leanderson  and b indb lom  i s  t o  be m e n t io n e d  h e r e .
T h a t  i s ,  i t  was s t a t e d  t h a t  t h e  s tu d y  i n v o l v e d  ID a d u l t  s u b j e c t s  and 
a l l  me^surcim-i ' ts  ivptp made by t h e  same hsvCSL iga to r .  The S.E,M. ( s t a n d a r d  
e r r o r s  o f  means)  was a l s o  employed .  The s t u d y  was c o n c e n t r a t e d  on t im in g  
p a r a m e t e r .  Thus ,  raw EMG t r a c e s  o f  m u s c l e s  i n v e s t i g a t e d  were d i s p l a y e d  
in  o r d e r  t o  compare d u r a t i o n  o f  m u s c u l a r  a c t i v i t y  o f  one u t t e r a n c e .
However ,  t h e  raw EMG t r a c e s  o f  o n ly  one s u b j e c t  were  p r e s e n t e d  in  s p i t e  
o f  10 s u b j e c t s  were u s e d .  I t  would be p r o b a b l y  w o r t h w h i l e  t o  d i s p l a y  
v a r i a b i l i t y  among t h e  s u b j e c t s .
Above a l l ,  Lubker ,  A c A l l i s t e r  and C a r l s o n  o f  S tockholm  
U n i v e r s i t y  r e s e a r c h  g roup  p r e s e n t e d  more e l a b o r a t e d  d a t a  a n a l y s i s  p r o c e d u r e  
(1 974 ,  1975) which was used i n  t h i s  p r e s e n t  i n v e s t i g a t i o n  o f  T h a i .
Anatomy and p h y s i o l o g y  o f  t h e  l a b i a l  m usc le s  
u n d e r  i n v e s t i g a t i o n .
F u n c t i o n a l l y  and p h y s i c a l l y ,  t h e r e  a r e  t h r e e  k inds  
o f  m usc le  s t r u c t u r e s  found in  o u r  b o d i e s ,  namely:  c a r d i a c  
m usc le  ( h e a r t  m u s c l e ) ,  smooth m usc le  (m usc le  o f  i n t e r n a l  
o r g a n s  and b lood  v e s s e l s )  and s t r i a t e d  m u sc l e .  Both t h e  
c a r d i a c  and t h e  smooth m u sc l e s  work i n d e p e n d e n t l y  and a u t o ­
m a t i c a l l y ;  t h e y  a r e  c o n t r o l l e d  by t h e  i n n e r v a t i o n  o f  t h e  
i n v o l u n t a r y  n e u r o l o g i c a l  s y s t e m ,  t h e r e f o r e ,  " i n v o l u n t a r y  muscl 
i s  a n o t h e r  name a p p l i e d  t o  them. By c o n t r a s t ,  s t r i a t e d  musc le  
i s  t o  be c o n t r o l l e d  by t h e  v o l u n t a r y  n e u r o l o g i c a l  sy s te m .
S i n c e  m os t  s t r i a t e d  m u sc l e s  a r e  a t t a c h e d  to  t h e  s k e l e t o n ,  t h e  
name " s k e l e t a l  m u s c l e " ,  a s  we l l  as  t h e  t e r m  " v o l u n t a r y  musc le"  
i s  a s s i g n e d  t o  t h i s  g roup .  The m u s c l e s  t o  be i n v e s t i g a t e d  
t h ro u g h  e l e c t r o m y o g r a p h i c  t e c h n i q u e s  in  t h e  p r e s e n t  s t u d i e s  
a r e  t h o ^ e  o f  i h c  v o l u n t a r y  g r o u p .  Thc f a c i a l  m u s c l e s ,  which 
a r e  a l s o  c l a s s i f i e d  i n t o  t h e  v o l u n t a r y  g r o u p ,  a r e  i n n e r v a t e d  
by t h e  c r a n i a l  n e r v e  no.  V I I .
The m u sc le s  i n v e s t i g a t e d  h e r e  a c t u a l l y  a r e  p a r t s  
o f  t h e  f a c i a l  m u s c l e s .  Most o f  t h e  f a c i a l  m u s c l e s ,  however ,  
a c t  d i r e c t l y  upon t h e  l i p s ,  which a f f e c t  t h e  m o b i l e  p a r t  o f  
t h e  f a c e .  Changes in  t h e  shape  o f  t h e  l i p s  a l s o  have an 
impac t  on o r a l  r e s o n a n c e .  The l a b i a l  m usc le s  a r e  o f  t h e  
v o l u n t a r y ,  s t r i a t e d  t y p e ,  made up o f  b u n d l e s  c o n t a i n i n g  long  
c y l i n d r i c a l  f i b r e s  t h a t  run  p a r a l l e l .
Muscle  s e l e c t i o n .  In f a c t  t h e  speech  m u s c u l a t u r e  can be p h y s i o l o g i c a l l y  
c l a s s i f i e d  i n t o  t h r e e  main g r o u p s ;  r e s p i r a t o r y ,  l a r y n g e a l ,  and a r t i c u l a t o r y .  
By l o c a t i o n  and f u n c t i o n  t h e  l i p  m u s c l e s  a r e  i n c l u d e d  i n t h e  a r t i c u l a t o r y  
g r o u p .  S in c e  t h e  lower  l i p  i s  g e n e r a l l y  more a c t i v e  t h a n  t h e  uppe r  p a r t  
( L u b k e r ,  e t  a l . 1974;  Hadding ,  1976) t h e  i n v e s t i g a t i o n  was c o n c e n t r a t e d  
upon t h e  m u s c l e s  o f  t h e  lower  l i p .  The m u s c l e s  o f  t h e  low e r  l i p  t h a t  
unde rw en t  t h e  i n v e s t i g a t i o n  were t h e  o r b i c u l a r i s  o r i s  i n f e r i o r i s  ( 0 0 1 ) ,  
t h e  d e p r e s s o r  l a b i i  i n f e r i o r i s  (D L I ) ,  and t h e  m e n t a l i s  ( M e n t . ) .  S e l e c t i o n  
o f  t h o s e  m u sc l e s  was based  on t h e  f o l l o w i n g  c r i t e r i a :
F i r s t l y ,  t h e  EMG i n v e s t i g a t i o n  o f  l a b i a l  m u s c l e s  has  n e v e r  been made 
on Thai  b e f o r e .
S e c o n d l y ,  due t o  t h e  employed t e c h n i q u e ,  s u r f a c e  e l e c t r o d e  t y p e  i s  
e f f i c i e n t l y  a p p l i c a b l e  t o  s u r f a c e  m u s c l e .
T h i r d l y ,  t h e i r  s i z e  and l o c a t i o n  a r e  e a s i l y  a c c e s s i b l e .
A d d i t i o n a l l y ,  a c c o r d i n g  t o  Dr. L u b k e r ' s  s u p e r v i s i o n  t h e  a c t i v i t y  o f  
t h o s e  t h r e e  s u r f a c e  m u s c l e s  f o r  vowel p r o d u c t i o n  a r e  i n t e r e s t i n g  t o  
s tu o v .
The 001 m u sc l e  i s  o f  s p h i n c t e r  t y p e ,  fo rm in g  an oval r i n g  
e n c i r c l i n g  t h e  mouth.  I t  i s  composed o f  a s e r i e s  o f  m usc le  b und le s  which 
i n s e r t  r a d i c a l l y  i n t o  t h e ’o r i s  b u nd le  f rom v a r i o u s  d i r e c t i o n s  ( Z e m l in ,
1964: 2 35 ) .  The o r b i c u l a r i s  o r i s  m u sc l e  f u n c t i o n s  as  t h e  c o m p r e s s o r ,  
c o n t r a c t o r  and p r o t r u d e r  o f  t h e  l i p s .
The DLI m usc le  i s  l a r g e ' ,  f l a t  and  o f  q u a d r a n g u l a r  s h a p e ,  
h e n c e ,  i t  i s  a l s o  known by t h e  name: q u a d r a n g u l a r  l a b i i  i n f e r i o r i s .
The o r i g i n  o f  t h i s  m usc le  i s  on t h e  o u t e r  s u r f a c e  o f  t h e  m a n d i b l e .
I t  t r a v e l s  upward and m e d i a l l y  between t h e  symphys is  and t h e  mental  
fo ram en .  The m usc le  draws t h e  low e r  l i p  downward and s l i g h t l y  l a t e r a l w a r d .
The men ta l  i s  m usc le  v a r i e s  in  s i z e  f rom i n d i v i d u a l  t o  
i n d i v i d u a l .  The m usc le  o r i g i n a t e s  in  t h e  i n c i s i v e f o s s a  o f  t h e  m a n d i b l e ,  
though  hav ing  a deep  o r i g i n  i t  has s u p e r f i c i a l  i n s e r t i o n  t o  r e a c h  t h e  
001 on one e nd ;  and i t  t r a v e l s  m e d i a l l y  and downward t o  i n s e r t  in  t h e  
i n te g u m e n t  o f  t h e  c h in  on t h e  o t h e r  e n d .  I t  a p p e a r s  t h a t  t h e  a c t i o n  
o f  t h e  menta l  i s  m usc le  i s  t o  r a i s e  and w r i n k l e  t h e  c h i n .  A cco rd ing  t o  
t h e  Kennedy and A bb 's  r e p o r t  (1975)  and Ohman, e t  a l .  (1966)  i t  a l s o  
c o n t r a c t s  a n t a g o n i s t i c a l l y  t o  t h e  DLI. In a d d i t i o n ,  i t  a i d s  in  p r o t r u d i n g  
and t u r n i n g  t h e  low e r  l i p  upward as  in  t h e  e x p r e s s i o n  o f  doub t  ( K a p la n ,  
1960 ) .
E l e c t r o d e  p l a c e m e n t  p r o c e d u r e .
Among t h e  m u sc l e s  i n v e s t i g a t e d  t h e  l o c a t i o n  o f  t h e  
o r b i c u l a r i s  o r i s  m u sc l e  i s  t h e  most  a c c e s s i b l e .  Th e m u sc l e  has 
a l s o  been found  t o  be t h e  m os t  c o n s i s t e n t  o f  t h e  p e r i o r a l  sys tem  
in  t e rm s  o f  s i z e ,  f i b r e  deve lo pm en t  and l o c a t i o n  (Kennedy and Abbs.*
1975:  2 2 ) .  Based on t h e  p l a c e m e n t  s u g g e s t i o n s  o f  I s l e y  and Basm aj ian
<
( l y / 3 ) ,  Sussma*" Kennedy and Abbs v l ^ / b :  3 5 - 3 b ; ,  t h e  p a i n t
was a p p l i e d  t o  t h e  low er  l i p  a t  t h e  v e r m i l i o n  b o r d e r  on t h e  l e f t  
s i d e  o f  t h e  medial  l i n e .  The s i t e s  o f  t h e  m u s c l e s  were c l e a n e d  by 
a l c o h o l  b e f o r e  t h e  a p p l i c a t i o n  o f  t h e  p a i n t ,  in  o r d e r  t o  r e d u c e  impedence.
In t h e  c a s e  o f  t h e  DLI m u s c l e ,  a more r e s t r i c t e d  s i t e  must  be 
l o c a t e d  t o  a v o id  t h e  f i b r e - b l e n d i n g  o f  t h e  i n f e r i o r  p o r t i o n  o f  t h e  COI 
m u s c l e .  The l o c a t i o n  s u g g e s t e d  by Kennedy and Abbs (1975)  was used  f o r  
t h i s  m usc le  a s  w e l l .  The p l ac e m e n t  s u g g e s t e d  was 15 mm. h o r i z o n t a l l y  
t o  t h e  a n g l e  o f  t h e  mouth,  and v e r t i c a l l y  o n e - h a l f  t h e  d i s t a n c e  from 
t h e  l e v e l  o f  t h e  a p p o s i t i o n  o f  t h e  l i p s  t o  t h e  i n f e r i o r  b o r d e r  o f  t h e  c h i n .
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The p l a c e m e n t  o f  t h e  m en ta l  i s  m usc le  was chosen  by p r o t r u d i n g  t h e  
lo wer  l i p .  I t  i s  q u i t e  obv ious  t h a t  upon t h e  c o n t r a c t i o n  o f  t h e  m enta l  i s  
m usc le  t h e  s u r f a c e  o f  t h e  ch in  becomes w r i n k l e d .  Then t h e  p a i n t  was 
p u t  on in  t h e  a r e a  o f  t h e  medial  l i n e  where t h e  c o n t r a c t i o n  had been 
n o t i c e d .  A f t e r  t h e  s i t e s #o f  t h e  m u sc l e s  were d e c id e d  and t h e  c l e a n s i n g  
was d o n e ,  t h e  t e m p l a t e  was p r e s s e d  on w i t h  t h e  h o l e s  o v e r  t h e  l o c a t e d  
s i t e s .  Then t h e  m i x t u r e  was a p p l i e d  t h r o u g h  t h e  h o l e s ,  t h e  two s i l v e r  
un i fo rm  s p o t s  a p p e a r i n g  on t h e  s k in  a f t e r  l i f t i n g  t h e  t e m p l a t e  away. 
F i n e - w i r e s  (Karma a l l o y  0 .0 5  mm d i a m e t e r )  which were c u t  and p r e p a r e d  
b e fo r e h a n d  were then  l a i d  a c r o s s  t h e  s p o t s .  To s e c u r e  t h e  w i r e s  in  
p l a c e  a s  we l l  a s  to  e s t a b l i s h  e l e c t r i c a l  c o n t a c t ,  a second  drop  was 
th e n  a p p l i e d  t o  each s p o t .  The o t h e r  ends  o f  t h e  w i r e s  were c l i p p e d
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by g o l d  ( t h e  m a t e r i a l  p roved  t o  be t h e  b e s t  e l e c t r i c a l  c o n d u c to r )  
c o a t e d  s p r i n g s  which a r e  a t t a c h e d  t o  a r a c k  mounted on a p a i r  o f  e y e ­
g l a s s  f r a m e s .  From t h i s  r a c k  an e a r t h  l i n e  was c l i p p e d  t o  t h e  s u b j e c t ' s  
e a r > ( s e e  F ig .  IX-X).
The s u b j e c t  was s e a t e d  in  f r o n t  * *  a ^wtr^phoriH ( S o ^ n h e i r e r  
MD 421)  in a room s h i e l d e d  from e l e c t r i c a l  and m a g n e t i c  i n t e r f e r e n c e .
The u t t e r a n c e s  were r e a d  ou t  f rom t h e  c a r d s  one by one in  t h e  s u b j e c t ' s  
normal speech  s t y l e  which  i s  c l a s s i f i e d  by t h e  s u b j e c t  a s  r e l a t i v e l y  
s low .  The r e a d i n g s  were r e p e a t e d  f i v e  t i m e s .
The e l e c t r i c a l  d i s c h a r g e s  f rom t h e  m u sc l e s  were p i c k e d  up 
by t h e  e l e c t r o d e s ,  t h e n  p a s s e d  t h r o u g h  t h e  g o l d - c o a t e d  s p r i n g s  from which 
t h e  s i g n a l s  were t r a n s m i t t e d  t o  t h e  EMG a m p l i f i e r s  ( F o rn e m a ) ,  t h e n  
t h r o u g h  t h e  c a t h o d e - r a y  o s c i l l o g r a p h  s c r e e n .  A f t e r  t h a t  t h e y  were 
r e c o r d e d  on a 4 ~ t r a c k  t a p e  r e c o r d e r  (TEAC A-3340) s i m u l t a n e o u s l y  w i th  
t h e  a c o u s t i c  s i g n a l .  From t h e  r e c o r d e r  t h e  raw e l e c t r o m y o g r a p h i c  s i g n a l
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was t o  p a s s  t h r o u g h  an i n t e g r a t o r  a t  25 mm., i n o r d e r  t o  o b t a i n  a t o t a l  
o u t - l o o k  o f  t h e  raw EMG s i g n a l ;  t h e  o u t - p u t  f rom t h e  i n t e g r a t o r  was c a l l e d  
t h e  i n t e g r a t e d  e l e c t r o m y o g r a p h i c  c u r v e .  Then ,  t h e  raw e l e c t r o m y o g r a p h i c  
s i g n a l ,  ( h e n c e f o r t h  c a l l e d  EMG) t h e  i n t e g r a t e d  e l e c t r o m y o g r a p h i c  c u r v e  
( h e n c e f o r t h  c a l l e d  IC ) .  and t h e  a c o u s t i c  s i g n a l  ( h e n c e f o r t h  c a l l e d  AS),  
were w r i t t e n  o u t  on p a p e r  by t h e  mingograph  (Siemens  34 T i n k -w r i  t e r )  r
a t  o f  100 msec .  For  t h e  s a k e  o f  c l a r i t y  t h e  raw EMG, t h e  i n t e g r a t e d  
c u r v e  and t h e  a c o u s t i c  s i g n a l  were t r a n s f e r r e d  t o  p a p e r  f o r  one m usc le  
a t  a t im e*  ( s e e  F i g . X I f o r  t h e  d i a g r a m s ) .
Measurement  p r o c e d u r e .
As Manse l l  (1974)  d e s c r i b e d  t h a t  EMG s i g n a l s  have c e r t a i n  
m o r e - o r - l e s s  d e f i n e  t ime  c h a r a c t e r i s t i c s  a t  l e a s t  a s i n g l e  peak .
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U n f o r t u n a t l y ,  a s i n g l e  peak  n e v e r  a p p e a r e d  in  t h e  d a t a  o f  t h e  p r e s e n t  
i n v e s t i g a t i o n .  The measurement  o f  t h e  p r e s e n t  work v/as c o n c e n t r a t e d  
on two b a s i c  d i m e n s io n s .  One i s  a lo n g  t h e  t im e  d im e ns ion  c o n c e r n i n g :  
t h e  t i m e - o n s e t  o f  raw e l e c t r o m y o g r a p h i c  s i g n a l  t o  t h e . o n s e t  o f  t h e  
ie s i g n a l  i r \ ;  vowel u n d e r  s • uo ' '  (EMG t o  ;
t h e  o t h e r  i s  t h e  t im e  d u r a t i o n  o f  m u s c u l a r  a r t i c u l a t o r y  a c t i v i t y  in
which t h e  raw EMG was m easu red  from o n s e t  t o  o f f s e t  (EMG d u r a t i o n ) .
The EMG t i m e - o n s e t  and o f f s e t  were d e c i d e d  a c c o r d i n g  t o  
t h e  f o l l o w i n g  p r o c e d u r e s :
1. G e n e r a l l y  v i s u a l  o b s e r v a t i o n  o f  o v e r a l l  d a t a  c o l l e c t e d  in o r d e r  
t o  examine and d i f f e r e n t i a t e  among a r t i f a c t s ,  p r e s p e e c h  p o t e n t i a l s ,  
and a r t i c u l a t o r y  p o t e n t i a l s ;
2. A f t e r  t h a t ,  where s p i k e s  o f  e l e c t r i c a l  p o t e n t i a l  a r e  crowded and 
a m p l i t u d e  c o n t i n u o u s l y  i n c r e a s e s ,  a f i n e  v e r t i c a l  l i n e  was drawn on
t h e  f i r s t  s p i k e  o f  a t  l e a s t  3 mm. in  v e r t i c a l  l e n g t h  which  i s  c o n s i d e r e d
in t h e  p r e s e n t  d a t a  c o l l e c t i n g  u n d e r  Dr.  L u b k e r ' s  s u p e r v i s i o n  a s  t h e  
o n s e t  o f  a r t i c u l a t o r y  p o t e n t i a l .
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3.  At t h e  end o f  each  s y l l a b i c  u t t e r a n c e  t h e  m u s c u l a r  a c t i v a t i o n  
u s u a l l y  c e a s e d  w h i l e  t h e  l a s t  s p i k e  o f  t h e  p o t e n t i a l  t r a c e  was a t  
h ig h  a m p l i t u d e .  Thus ,  o f f s e t  o f  t h e  a r t i c u l a t o r y  p o t e n t i a l  was d e c id e d  
v/here the  s p i k e  o f  3 mm, in l e n g t h ( o r  l o n g e r )  d i s a p p e a r e d .
The o n s e t  o f  t h e  a c o u s t i c  s i g n a l  (AS) v/as d e c i d e d  where t h e  s i g n  o f  
a c o u s t i c  t r a c e  a p p e a r e d .
• Then,  t h e  f i g u r e s  f rom t h e  m ea su rem e n ts  were summed up 
i n t o  two s t a t i s t i c a l  g r o u p s :  one i s  Mean o r  normal  a v e r a g e  t h e  o t h e r  
i s  S t a n d a r d  D e v i a t i o n  (SD) which i n d i c a t e s  d e g r e e  o f  v a r i a t i o n  among 
i n d i v i d u a l  m e a s u r e m e n ts .  To o b t a i n  SD t h e  f o l l o w i n g  m a t h e m a t i c a l  
f o r m u l a r  was employed:
SD = g £  -  ( i f  
n
x = an i n d i v i d u a l  m easurem ent
£ =  sum o f  s q u a r e d  i n d i v i d u a l  m easu rem en ts
n = number o f  one word u t t e r e d
R = mean o f  t h e  f i v e  m ea s u rem e n ts
| \ f j  ^ ^  h. — d im e n s io n  i s  t o  e s r -<.b , '5sh  s h e  ’^r t e n s ! * •' p ^ t t c r ^  
o f  t h e  m u sc l e  a c t i v i t y  o r  amount  o f  t h e  e l e c t r o m y o g r a p h i c  p o t e n t i a l s  
in  t i m e .  The s t u d y  was t o  be u n d e r t a k e n  by com par in g  t h e  a v e r a g e d  
i n t e g r a t e d  c u r v e s  (AIC).  T h i s  a s p e c t  was made w i t h  t h e  a i d  o f  t h e  
a u d i o  s i g n a l  a s  a t em p e ra !  r e f e r e n c e  f o r  com par in g  EMG r e c o r d s .
P r o c e d u r e  o f  o b t a i n i n g  an a v e r a g e d  i n t e g r a t e d  c u r v e .
The p r o c e d u r e  which was w i t h o u t  t h e  a s s i s t a n c e  o f  com pu te r  
p r o c e s s i n g  a t  t h e  t im e  t h e  i n v e s t i g a t i o n  v/as c a r r i e d  o n ,  was i n i t i a t e d  
and g u i d e d  by t h e  Stockholm  r e s e a r c h  g r o u p .  T h a t  i s ,  a common b a s e - l i n e  
and t h e  v o i c i n g  o n s e t  ( a c o u s t i c  s i g n a l ,  AS) o f  t h e  vowels  w e re  used  
a s  t h e  l i n e - u p  p o i n t s .  The i n t e g r a t e d  c u r v e  ( IC )  o f  ea ch  vowel u t t e r a n c e
was c a r e f u l l y  t r a c e d ,  t h e n  an a v e r a g e d  o f  5 s u p e r im p o s e d  i n t e g r a t e d  
c u r v e s  was drawn.  The c u rv e  o b t a i n e d  by t h i s  method i s  c a l l e d  an 
a v e r a g e d  i n t e g r a t e d  cu rve  (AIC) ,  s e e  F ig  X I I I .
To s t u d y  t h e  i n t e n s i t y  p a r a m e t e r  o f  a s i n g l e  m u s c l e  r e q u i r e d  
in  t h e  p r o d u c t i o n  o f  p h o n o l o g i c a l l y  d i s t i n c t i v e  v o w e l s ,  two u n c o m p l i c a t e d  
d i a g n o s t i c  t e c h n i q u e s  were employed .  One v/as f o r  com par ing  t h e  i n t e n s i t y  
o f  t h e  a c t i v i t y  between t h e  vowels  o f  d i f f e r e n t  q u a n t i t i e s ,  e . g .  u : ,  u . 
T h i s  was c a r r i e d  o u t  by s i m p l y ' s u p e r i m p o s i n g  t h e  AIC o f  t h e  vowels  
q u a n t i t a t i v e l y  p a i r e d  and o b s e r v i n g  any d i f f e r e n c e s  which m ig h t  o c c u r .
The o t h e r  t e c h n i q u e  was used  f o r  compar ing  t h e  i n t e n s i t y  a c t i v i t y  
among t h e  vowels  o f  d i f f e r e n t  q u a l i t y .  T h i s  was c a r r i e d  o u t  by u s i n g  t h e  
AIC o f  a c l o s e  vowel a s  r e f e r e n c e .  The p r o c e s s  was t h a t  t h e  h e i g h t  o f
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t h e  r e f e r e n c e  vowel m easu red  a t  e v e r y  40 msec,  i n t e r v a l  was s u b t r a c t e d  
from t h e  h e i g h t  o f  t h e  c u rv e  f o r  each  o f  t h e  o t h e r  vowels  ( L u b k e r ,  e t  a l .  
1 0 7 4 ) .  The r e s u l t i n g  s e r i e s  o f  d i f f e r e n c e s  were c o n n e c t e d  t o  forni^ 
t h e  d i f f e r e n c e  c u r v e s  (DC) s e e  F i g .  XIV. These  c u r v e s  a r e  c o n s i d e r e d  
a r  t h e  q u a l i t a t i v e  ' ' l u s t r a t i o n s  o f  d i t t o r r ^ t  s h a p e  p a t e r s  o* t h e  
e l e c t r o m y o g r a p h i c  a c t i v i t y  f o r  t h e  p r o d u c t i o n  o f  t h e  v o w e l s .
Though mannual  a n a l y s i s  v/as empToyed in  t h i s  p r e s e n t a t i o n ,  
com pu te r  a n a l y s i s ,  t h e  p r o c e d u r e  by which r e l i e v e s  i n v e s t i g a t o r s  o f  
much t e d i o u s  v i s u a l  a n a l y s i s ,  s h o u l d  a l s o  be b r i e f l y  m e n t io n e d .  T h a t  
i s  i n a d e q u a t e  prog ramming ,  t h e  l a c k  o f  d i f f e r e n t i a t i n g  be tw een  a r t i f a c t s  
and  p o t e n t i a l s  w i l l  a l l o w  t h e  mach ine  t o  i n c l u d e  a r t i f a c t s .  T h u s ,  
a s  B a s m a j i a n ' s  w a rn ing  (1974:  52) " . . .  com pute r  a n a l y s i s  w i t h o u t  v i s u a l  
m o n i t o r i n g  by an e x p e r i e n c e d  p e r s o n  i s  f r a u g h t  w i t h  e r r o r s " .
C. sv n o o 'tw
F i g .  IV. Schemes of fibres of different kinds of muscle-
i c u  luv-i* Or»v 
■muio le
F i g .  V. Schematic diagram of labial muscles.
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Fig. V I I .  Schematic diagram of M. Mentalis





F i g .  IX.  S c h e m a t i c  d i a g r a m  o f  t h e  l o c a t i o n s  o f  t h e  
s u r f a c e  b i p o l a r  p a i n t - o n  e l e c t r o d e s .








T***< -« C 0 tJ^eY
* ?  l u  i-n v ii  u ^ e - n ^  ti<m
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Audio Signal 
( A S  )
EMG Potential
C erne.)
In tegrated  EMG
C u r v e  
( 1 C  )
E ( n a  i
‘<i-«
I ‘ •>• ■: •; !• : w !  tr-
e U
L_ll ».* IO n >£ E \e c L u o V ° 1
/
-> Qsv^i-cX
T t W  -  ^tvw»X<^vv
F i g .  X I I .  Scheme of  t h e  t im e  d i m e n s i o n  m e a s u r e m e n t s
i  c
Axe
F i g .  X I I I .  Scheme o f  t h e  manua l  t e c h n i q u e  t o  o b t a i n  
an a v e r a g e d  i n t e g r a t e d  c u r v e < n i c > .
a .  a v e r a g e d  i n t e g r a t e d  c u rv e  A.
( m ea su r ed  a t  40 msec ,  i n t e r v a l s ) .
3I LK
b .  a v e r a g e d  i n t e g r a t e d  cu rve  B.
c .  The D i f f e r e n c e  Curve o f  A and B.
P i g .  XIV. The t e c h n i q u e  d e m o n s t r a t i n g  how t o  
o b t a i n  a D i f f e r e n c e  Curve (DC).
CHAPTER 3
REFERENCE OF THE STUDY "STANDARD THAI"
Bro a d ly  s p e a k i n g  t h e  Thai  d i a l e c t s  a s  spoken  i n  
T h a i l a n d  have  been r e c o g n i s e d  a s  o f  f o u r  main t y p e s ;  C e n t r a l  
( i n c l u d i n g  t h e  d i a l e c t  o f  t h e  c a p i t a l ,  B a ngkok) ,  N o r t h e r n ,  
N o r t h e a s t e r n ,  and S o u t h e r n .  The Thai  p r o n u n c i a t i o n  employed 
in  t h i s  s t u d y  a r e  t h o s e  o f  " S t a n d a r d  T h a i " .  The t e rm  " S t a n d a r d  
T h a i "  i s  u n d e r s t a n d a b l y  a t t c h e d  t o  t h e  C e n t r a l  d i a l e c t ;  however ,  
i t  s t i l l  needs  more p r e c i s e  d e f i n i t i o n .  A p p a r e n t l y  wha t  has  
been g iv en  as  t h e  d e f i n i t i o n  o f  S t a n d a r d  Thai i s  o n l y  p a r t i a l l y  
a c c e p t a b l e .  For  i n s t a n c e ,  Abramson (1962 ;  1) has s a i d  t h a t
4
" S t a n d a r d  Thai  i s  t h e  n a t i o n a l  l a n g u a g e  o f  T h a i l a n d  and t h e  
d i a l e c t  o f  t h e  c e n t r a l  r e g i o n  i n c l u d i n g  t h e  c a p i t a l ,  B a n g k o k . . . "  
In  f a c t ,  t o  be e x p l i c i t ,  S t a n d a r d  Thai  i s  n o t  t h e  d i a l e c t  o f  „ 
t h e  c e n t r a l  r e g i o n ;  i t  i s  one o f  t h e  d i a l e c t s  o f  t h e  c e n t r a l
iw^iOri. i»os.» / e l a t e s  chat i t  . o uiie prt.St.igfc didieCw
s poken  by t h e  h i g h l y  e d u c a t e d  p e o p l e  o f  T h a i l a n d ,  and t h a t  i t  
m os t  c l o s e l y  r e p r e s e n t s  t h e  r e g i o n a l  d i a l e c t  o f  t h e  c e n t r a l  
p l a i n  c e n t e r i n g  a round  and i n c l u d i n g  Bangkok. I h e  p rob lem  
i s  t h a t  i t  i s  r a t h e r  d o u b t f u l  w h e t h e r  S t a n d a r d  Thai  i s  c o n i n e d  
o n l y  t o  t h e  group  o f  h i g h l y  e d u c a t e d .  However ,  Beebe (1976)  
has  p r o p o s e d  a somewhat n e g a t i v e  d e f i n i t i o n , v i z .  " S t a n d a r d  
Thai  i s  n o t  c o n s i s t e n t l y  spoken by anyone  i n  normal c o n v e r s a t i o n  
S t a n d a r d  T h a i ,  t h e n ,  can o n l y  be d e f i n e d  a s  a s e t  o f  c o n v e n t i o n  
b e l i e v e d  t o  be c o r r e c t  by t h e  e d u c a t e d  o f  Bangkok" .
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N e v e r t h e l e s s ,  a r e a s o n a b l e  e x p l a n a t i o n  was g i v e n  by C h i t th a m  
(1974)  t h a t  S t a n d a r d  Thai  n o r m a l ly  r e f e r s  t o  t h e  d i a l e c t  spoken  
i n  t h e  c a p i t a l  c i t y ,  f o r  example ,  when Ayuddaya was t h e  c a p i t a l  
c i t y  o f  t h e  Thai  kingdom, then  t h e  Ayuddaya d i a l e c t  was . the  
S t a n d a r d  T h a i .  At  p r e s e n t ,  Bangkok i s  t h e  c a p i t a l  c i t y  o f  t h e  
kingdom t h e r e f o r e  Bangkok d i a l e c t ,  one o f  t h e  C e n t r a l  d i a l e c t s ,  
i s  t h e  s t a n d a r d  d i a l e c t .  A c c o r d i n g l y ,  one can c o n c lu d e  t h a t  
t h e  p r e s e n t  S t a n d a r d  Thai  was d e r i v e d  from t h e  Bangkok d i a l e c t  
and has been used  i n  e d u c a t i o n ,  o f f i c i a l  c om m un ic a t ion ,  and 
commercial  a c t i v i t i e s  be tween  p e o p l e  o f  d i f f e r e n t  p a r t s  o f  
t h e  c o u n t r y .
From a s t y l i s t i c  p o i n t  o f  v iew ,  t h e r e  seem t o  be two 
t y p e s  o f  S t a n d a r d  T h a i ;  one i s  employed in  mass m e d ia ,  r a d i o  
and T.V.  b r o a d c a s t i n g ,  and o f f i c i a l  sp e ec h  d e l i v e r y ;  t h e  o t h e r  
i s  c a s u a l l y  used  i n  d a i l y  l i v i n g .  As Henderson (1949)  c l a s s i f i e d  
t h e  Thai  speech  i n t o  t h r e e  s t y l e s ;  i s o l a t i v e ,  c o m b i n a t i v e  and 
r a p i d  c o m b i n a t i v e ;  i t  seems t h a t  t h e  ' i s o l a t i v e  and t h e  c o m b i n a t i v e  
can be c a t e g o r i s e d  as  t h e  o f f i c i a l  s t y l e .  The r a p i d  c o m b i n a t i v e  . 
s t y l e  can  be e i t h e r  o f f i c i a l  o r  c a s u a l  s t y l e  d e p e n d in g  on t h e  
speech  h a b i t  o f  t h e  s p e a k e r s .
The s u b j e c t ' s  speech  u s e d  in  t h i s  i n v e s t i g a t i o n  i s  
c a t e g o r i s e d  a s  b e in g  i n  t h e  i s o l a t i v e  s t y l e  which was d e f i n e d  by 
Henderson  (1949:  189) " I t  i s  t h a t  commonly used  f o r  m o n o s y l l a b i c  
words and  f o r  t h e  s low ,  d e l i b e r a t e  p r o n u n c i a t i o n  o f  p o l y s y l l a b l e s ,  
and i s  t h a t  shown in  d i c t i o n a r i e s . "  The s t r u c t u r e  o f  t h e  
s y l l a b l e  which i s  a l s o  t h a t  o f  t h e  m o n o s y l l a b i c  w ord ,  i s  d e t e r m i n e d  
by r e f e r e n c e  t o  t h e  i s o l a t i v e  s t y l e  o n l y .  P e r s o n a l l y  t h e  s u b j e c t ' s
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s t y l e  o f  s p e a k in g  i s  r e l a t i v e l y ,  s low.  Having  been b r o u g h t  up and 
e d u c a t e d  in  a S t a n d a r d  T h a i - s p e a k i n g  l i n g u i s t i c  e n v i r o n m e n t ,
S t a n d a r d  Thai  i s  t h e  o n l y  d i a l e c t  a c q u i r e d  by t h e  s u b j e c t .  The 
s u b j e c t  d i d  n o t  l e a v e  f o r  s t u d y  ab road  u n t i l  she  had c o m p le te d  
h e r  B a c h e l o r ' s  d e g r e e ,  t h e  c o u r s e  o f  which may be c o n s i d e r e d  as 
c o n s o l i d a t i n g  a f i r m  competence  and p e r f o r m a n c e  in  t h e  n a t i v e  t o n g u e .
The k in d  o f  S t a n d a r d  Thai employed i n  t h i s  e l e c t r o m y o g r a p h i c  i n v e s t i g a t i o n  
i s  t h u s  b e l i e v e d  t o  be f r e e  f rom t h e  i n f l u e n c e  o f  r e g i o n a l  and 
f o r e i g n  a c c e n t s .
Concern in g  t h e  m a t e r i a l  u sed  in  t h e  s t u d y ,  t h e  a n a l y s i s  
was c o n f i n e d  t o  s h o r t  u t t e r a n c e s .  To a v o id  p o s s i b l e  i n t e r f e r e n c e  
from n e ig h b o u r i n g  a r t i c u l a t i o n s  t h e  s y l l a b l e s  t o  be i n v e s t i g a t e d
4yv V
were embedded in  t h e  f i x e d  c o n t e x t :  t h a : . . . l a ;  which may be l o o s e l y
t r a n s l a t e d  a " What a b o u t , . . ?  "
S i n c e  t h e  s t u d y  was c o n c e n t r a t e d  on vowel p r o d u c t i o n ,  
t h e  c o n s o n a n t a l  segments  had t o  be t h o s e  o f  n o n l a b i a l  t y p e .  In 
■r^ic • » t i ~ a ! ' ‘n g l o t t a l  s t e p t * ? 3  ar«o t h e  unnc^i-'^t*-;^ v e • a r  
s t o p C  k 3 were chosen  a s  t h e  i n i t i a l  c o n s o n a n t s  i n  t h e  u t t e r a n c e s  
o f  m o s t l y  m ea n ing fu l  words . The u t t e r a n c e s  were  r e a d  one a f t e r  
a n o t h e r  and t h e y  were c o n s e c u t i v e l y  r e p e a t e d  f i v e  t i m e s .
The p h o n e t i c  t r a n s c r i p t i o n  employed i n  t h i s  work f o l l o w s  
t h a t  o f  Henderson (1949 :  189-215)  e x c e p t  t h e  t o n e  m a r k e r  sy s te m  
which f o l l o w s  t h a t  o f  Haas (1946 :  1 2 7 ) .
* A few a r e  m e a n i n g l e s s  b e c a u s e  t h e r e  happens  t o  be no words o f  
a p a r t i c u l a r  s t r u c t u r e .
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P h o n e t i c  t r a n s c r i p t i o n  and g l o s s a r i e s  o f  t h e  s y l l a b l e s  
c o n t a i n i n g  t h e  monophthongs i n v e s t i g a t e d :
T r a n s c r i p t i o n s  , G l o s s a r i e s
a  %
t h a :  ?!:  l a :  h igh  f r o n t  long  vowel
? ' l? h igh  f r o n t  s h o r t  vowel
?e: b e in g  p u z z l e d
? e ? moody e x p r e s s i o n
?e: o v e r l o a d e d
? e ? u n p l e a s a n t  e x p r e s s i o n
? uj; . i t  seems r e a s o n a b l e .
7 i ? e x c re m e n t
N *
?v: o v e r f l o w
7  ^ s u r p r i s i n g  e x p r e s s i o n
7 a: f a t h e r ' s  y o u n g e r  b r o t h e r
7 a ? s t u t t e r i n g  e x p r e s s i o n
>U:
7 y^ wine made from g l u t e n o u s  r i c e
7 o: a f e e l i n g  o f  b e in g  e l e g a n t
7 o? s u r p r i s i n g  e x p r e s s i o n




Tone m a r k e r s :  mid l e v e l  b l a n k
f a l l i n g  
h igh  r i s i n g  
f a l l i n g  r i s i n g  
r i s i n g  f a l l i n g
\
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P h o n e t i c  t r a n s c r i p t i o n  and g l o s s a r i e s  o f  t h e  s y l l a b l e s  
c o n t a i n i n g  t h e  monophthongs i n v e s t i g a t e d  ( c o n t . ) :
T r a n s c r i p t i o n s


























G l o s s a r i e s
a q u e s t i o n  word as  "how many o r  much" 
f a k e
a C h ine se  loan  word f o r  "w i th d ra w e r"  
o l d  age
s h e e p ,  c r a v i n g
e m b a r r a s s i n g  *
N ?i n f o r m a l  f o r  kl# means f i l t h y  
crows
s h i f t  w ork ,  a p p r o x i m a t io n  
c a l l i n g  f o r  someone f a r  away 
making up 
e l e g a n t
b u i l d i n g  up i n  a smal l  s c a l e  
an i s l a n d ,  t o  bug
F o o t n o t e : Some e x p l a n a t i o n  o f  t h e  p r e s e n c e  o f  t h e  f i n a l t  3 in  s h o r t
vowels  i s  c a l l e d  f o r .  S h o r t  vowels  in  T h a i ,  a r e  a lw ays  p ronounced  w i th  
a f o l l o w i n g  g l o t t a l  s t o p  when no  o t h e r  c o n s o n a n t s  f o l l o w .  Long vowels  
may o c c u r  w i t h o u t  any f o l l o w i n g  sound .
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P h o n e t i c  t r a n s c r i p t i o n  and g l o s s a r i e s  o f  t h e  s y l l a b l e s  
c o n t a i n i n g  t h e  d ip h th o n g s  and t r i p h t h o n g s  i n v e s t i g a t e d .
Diph thonqs  T r a n s c r i p t i o n s  G l o s s a r i e s
A  *  V
t h a :  ? i : a  l a :
?iua k i n d l y
?ua a C h in e se  l o a n  word used  as  " I "
? Iu shamful
?eu w a i s t
?eu • a p e t  name
?ul  s u r p r i s i n g  e x p r e s s i o n
? o : l  p a i n f u l  e x p r e s s i o n
?oI b r i g h t  ye l low*
*
7 a j to  c o u g h  , s t e a m
? v : I word ending'  used i n  poem, c l a s s i c a l  songs
?au p o s s e s s i n g
k l : a  an E n g l i s h  lo a n  word f o r  " a u t o - g e a r "
km* k i n d l y  s u p p o r t
kua an i n f o r m a l  f o r  " k lu a "  means a f r a i d  o f
kiu n e a r l y  f a l l i n g  a p a r t
*
keu
ke?u g l a s s
kifi hooligans
ko: I  q u i c k l y  run  away
koi l i t t l e  f i n g e r
kaI body
k v ; i o v e r l a p p i n g
kau t o  s c r a t c h
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P h o n e t i c  t r a n s c r i p t i o n  and. g l o s s a r i e s  o f  t h e  s y l l a b l e s  
c o n t a i n i n g  t h e  t r i p h t h o n g s  i n v e s t i g a t e d .
T r a n s c r i p t i o n s  G l o s s a r i e s
t h a :  ?uja i 1st;
? Ia u  p a r t i a l l y  t u r n  a round
?ua l  a Po t  (enamel  ware)
*
kuua i
k lau  c o u r t s h i p
/ s  t  A
kua! i n fo r m a l  f o r  " k l u a i "  means bananas
F o o t n o t e :  Though t h e  Thai  l a n g u a g e  i s  a Tone l a n g u a g e ,  t h e r e  i s  
no t o n a l  e f f e c t  i n v o l v e d  in t h e  a c t i v i t y  o f  l a b i a l  m u s c u l a t u r e .
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CHAPTER 4
THE STUDY OF ORBICULARIS ORIS INFERIORIS (OOI)
MUSCLE ACTIVITY IN MONOPHTHONGS
I n t r o d u c t o r y  d i s c u s s i o n  o f  "Rounding"
When ro u n d in g  i s  v i s u a l l y  o b s e r v e d  one can o n ly  
s e e  t h e  g e s t u r e  o f  t h e  o r b i c u l a r i s  o r i s  m u s c l e s .  From t h e  
a r t i c u l a t o r y  p o i n t s  o f  v i e w ,  t h e  m u sc l e s  p l a y  an i m p o r t a n t  
r o l e  in  p e r f o r m i n g  t h e  r o u n d in g  c o n f i g u r a t i o n s .  The s t u d y  
o f  t h e  m usc le  a c t i o n  p o t e n t i a l s ,  t h e r e f o r e ,  i s  c o n c e r n e d  a b o u t  
t h e  two a s p e c t s  namely ,  t im e  d im e ns ion  and i n t e n s i t y  d im e n s io n .
■c
By s t u d y i n g  t h e  t im e  d im e ns ion  t h e  c o n c e n t r a t i o n s  w i l l  be on 
two a r e a s .  One w i l l  be d e a l i n g  w i t h  a c t i v i t y  in  r e l a t i o n  t o  
t h e  a u d io  o n s e t .  The o t h e r  w i l l  be on t h e  d u r a t i o n a l  a c t i v i t y  
o f  t h e  m usc le  d u r i n g  t h e  p r o d u c t i o n s  o f  t h e  vow e ls .
Tv'ad-,*+"*or:2llys one popu la rity  hypo ■'He''is is  t h a r 
vowels can  be s p e c i f i e d  i n  te rms  o f  t h e  " p o s i t i o n "  a n d " h e i g h t "  
o f  t h e  " p o i n t  o f  c o n s t r i c t i o n "  o f  t h e  t o n g u e .  Conce rn ing  
t r a d i t i o n a l  d i s c u s s i o n  o f  r o und ing  g e s t u r e  has  m e n t io n e d  m e r e ly  
t h e  e x t e r i o r  c h a r a c t e r i s t i c  o f  t h e  l i p  o r i f i c e .  Sweet  (19 0 6 :1 6 )  
d e f i n e d  ro u n d in g  as  " . . . a  na r ro w in g  o f  t h e  mouth ope n ing  by 
a p p r o x i m a t io n  o f  t h e  l i p s " .  He f u r t h e r m o r e  c l a s s i f i e d  r o u n d in g :  
" i n n e r  and  o u t e r " .  Sweet  (1906 :17 )  d e s c r i b e d  d e l i b e r a t e l y  
t h a t  " I n  o u t e r  round ing  w i t h  which  f r o n t  vowels  a r e  rounded  - 
t h e  l i p s  a r e  b r o u g h t  t o g e t h e r  v e r t i c a l l y . . .Back and mixed 
vowels a r e  rounded  by l a t e r a l  c o m p r e s s io n  o f  t h e  c o r n e r s  o f  
t h e  mouth" .  He a l s o  c a t e g o r i s e d  r o u n d in g  i n  sp e e c h  i n t o  t h r e e
d e g r e e s  c o r r e l a t e d  w i t h  t h e  h e i g h t  o f  t h e  t o n g u e :  h igh  vowels  
h a v in g  t h e  n a r r o w e s t ,  low t h e  w i d e s t  l i p  a p e r t u r e .  He p r o v i d e d  
t h e  examples  o f  t h e  h i g h - b a c k - r o u n d  a s  in  go od ,  t h e  m id - b a c k -  
round  in  jto, and t h e  l o w -b ac k - ro u n d  i n  n o t , (Sweet  1 9 0 6 : 1 6 ) .
A c cord ing  t o  Daniel  J o n e s ' s  c a r d i n a l  vowel sy s te m  
t h e r e  a r e  a l s o  t h r e e  d e g re e s  o f  c a r d i n a l  r o u n d in g  f o r  [  u 
[o  3 ,  and C o ] ,  a c c o r d i n g  t o  t h e  w i d t h  o f  t h e  l i p  a p e r t u r e  
r e s p e c t i v e l y .
The American p h o n e t i c i a n ,  P ik e  (1971:  14-15)  gave 
t h e  d e s c r i p t i o n  o f  Lip M o d i f i c a t i o n s  o f  Vocoids  t h a t  "Some 
v o c o id s  have t h e  l i p s  rounded  d u r i n g  t h e i r  p r o n u n c i a t i o n .
I f  t h e  o p e n in g  i s  l a r g e  t h e y  a r e  o n l y  s l i g h t l y  r o u n d e d . « I f  
t h e  open in g  between t h e  l i p s  i s  sm al l  and round  t h e  v o c o id s  
a r e  h e a v i l y  r o u n d e d . "  P ik e  c l a s s i f i e d  l i p  g e s t u r e s  i n t o  f i v e  
d e g r e e s  i n  which t h r e e  r e q u i r e  r o u n d in g  g e s t u r e .  , '
A p p a r e n t l y ,  t h e s e  t r a d i t i o n a l  l a b i a l  d e s c r i p t i o n s  
r e l y  a l m o s t  e n t i r e l y  on v i s u a l  o b s e r v a t i o n s  o f  t h e  a r t i c u l a t o r y  
g e s t u r e s .
J a k o b s o n ,  Fan t  and H a l l e  (1 9 6 7 :9 )  a s s i g n e d  t h e
i
d i s t i n c t i v e  f e a t u r e s  based  on a c o u s t i c a l  c h a r a c t e r i s t i c s  
" F l a t "  and " P l a i n "  t o  t h e  ro u n d in g  and  t h e  s p r e a d i n g ,  a s  t h e y  
s a i d :  " T he re  i s  a c o n t i n u o u s  v a r i a t i o n  in  t h e  sha pe  o f  t h e  
l i p s  f rom a c l o s e  r o u n d in g  t o  s p r e a d i n g . . . b u t  t h e  l i n g u i s t i c  
a s s i g n m e n t  o f  d i s t i n c t i v e  v a l u e  t o  two d i s t a n t  l i p  p o s i t i o n s  
and  t o  t h e i r  c o n t r a s t i v e  a c o u s t i c a l  e f f e c t s . " .
In  Chomsky and H a l l e ’ s The Sound P a t t e r n  o f  E n g l i s h ,
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i n  s p i t e  o f  r e g a r d i n g  t h e  p h o n e t i c  f e a t u r e s  a s  p h y s i c a l  s c a l e s  
t h e y  a s s i g n e d  t o  t h e  l i p  p o s t u r e  a b i n a r y  f e a t u r e ,  which means 
t h a t  [ u  ] ,  [ o  ] a n d  [ d ]  p o s s e s s  t h e  same r o u n d in g  f e a t u r e ,
+  r o u n d in g .
*
With t h e  a p p l i c a t i o n  o f  e l e c t r o m y o g r a p h y  t h e  i n s i g h t  
i n t o  ro u n d in g  p o s t u r e  i s  more e l a b o r a t e l y  exposed  and s u p p l i e s  
a more s o p h i s t i c a t e d  d e s c r i p t i o n  o f  t h e  phenomenon. The 
i n t e r e s t i n g  p o i n t s  f r e q u e n t l y  found  i n  t h e  e l e c t r o m y o g r a p h y  
l i t e r a t u r e  c o n c e rn  t h e  t i m e - o n s e t  o f  t h e  m u s c u l a r  a c t i v i t y  
and t h e  m u s c u l a r  t e n s i o n  o f  t h e  a c t i v i t y  i n  s p e e c h .  In  t e rm s  
o f  t i m i n g ,  a l l  t h e  e l e c t r o m y o g r a p h i c  r e p o r t s  a r e  a g r e e d  t h a t  
a n t i c i p a t o r y  movements o f  l a b i a l  m u sc l e s  s t a r t  p r i o r  t o * t h e  
o n s e t  o f  t h e  a u d i o  s i g n a l  o f  t h e  sp e ec h  sound ;  m eanw h i le ,  
r e s e a r c h  on m u s c u l a r  t e n s i o n  in  s p e e c h  needs  more e l a b o r a t e  
i n v e s t i g a t i o n  t e c h n i q u e s .
Data  p - e s e n t a t i o n .
G e n e r a l l y ,  t h e  f i g u r e s  c o l l e c t e d  in  t h e  f o l l o w i n g  
T a b le s  a r e  based  on t h o s e  o f  t h e  vowels  t r a d i t i o n a l l y  
c l a s s i f i e d  as  r ounded .  However ,  t h e  m u s c u l a r  a c t i v i t y  
i n v e s t i g a t e d  by t h e  use o f  e l e c t r o m y o g r a p h i c  t e c h n i q u e s  
d e m o n s t r a t e s  t h a t  t h e r e  a r e  s e v e r a l  c h a r a c t e r i s t i c s  t o  be 
m en t ioned  b e s i d e s  t h e  s i n g l e  s i m p l e  d e s c r i p t i v e  te rm  "Round".
As a l r e a d y  s t a t e d  in  c h a p t e r  2 , t h e  m u s c u l a r  a c t i v i t y  
i s  viewed i n  two d i m e n s io n s :  t h e  t im e  d i m e n s io n ,  and t h e  
i n t e n s i t y  d i m e n s io n .  The t im e  d im e n s io n  i s  s t u d i e d  in  two 
s e c t i o n s ,  one d e a l i n g  w i t h  t i m e - o n s e t  ( t h e  r e l a t i o n  o f  EMG 
o n s e t  t o  Audio o n s e t ) ,  and  th e  o t h e r  d e a l i n g  w i t h  d u r a t i o n ;  i . e .  
t h e  d u r a t i o n  o f  m u s c u l a r  a c t i v i t y  i n  t h e  s y l l a b l e s  i n v e s t i g a t e d .
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001 m usc le  a c t i v i t y  f o r  monophthongs 
Time d im e n s io n .
Time o n s e t :  EMG o n s e t  t o  Audio o n s e t  i n  msec.
T a b le  1 001 a n t i c i p a t i o n  f o r  r o u n d in g  g e s t u r e  
i n  monophthongs ( f i v e  u t t e r a n c e s )
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
PT u t t e r a n c e
o r d e r
•
EMG o n s e t  
t o  Ao
1 230 1 270
2 268 2 260
\ 3 165 \ 3 257
?u: 4 185 ku: 4 210
5 230 5 300
a v e r a g e 216 a v e r a g e 259
SD 36 .49 SD 29.13
1 330 1 310
. . 2 240 2 195
v ? 
? u ' 3 170 ku 3 282
4 165 4 243
5 185 5 278
ave> ciCje 218 a v e r a q e 262
SD 6 2 .2 SD 3 9 .5 2
1 153 1 208
2 , 198 2 205
\ 3 137 1 ^ 3 230?o: 4 184 ko: 4 300
5 222 5 234
a v e r a g e 179 a v e r a g e 235
SD 30 .5 8 SD 3 4 .2
PT = P h o n e t i c  T r a n s c r i p t i o n
4
Ao = Audio o n s e t
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T a b le 1 001 a n t i c i p a t i o n  f o r r o u n d in g g e s t u r e  in  monophthongs ( c o n t . )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 245 1 303
2 236 2 240
3 290 -0 3 215
? o ? 4 200 ko 4 247
5 205 5 260
a v e ra g e 235 a v e r a g e 253
SD 32 .40 SD 23 .9 7
1 200 1 185
2 160 2 254
3 144 3 160
4 157 \ 4 250r o . 5 176 KO. 5 214
a v e ra g e 167 a v e r a g e * 212
SD 19 .22 SD 3 6 .4 5
1 200 1 240










5 185 5 250
avejv»ap 165 av't-rano 217
SD~ 2 7 .2 0 SD 3 6 .82
Comments on T a b le  1. ,
O bv io u s ly  a l l  t h e  r o u n d in g  a c t i v i t y  began p r i o r  t o  
t h e  a c o u s t i c  s i g n a l s  o f  t h e  vowels .  Comparing t h e  f i g u r e s  
f o r [ u  3 ,  [ o l a n d [ o ] t h e  a n t i c i p a t o r y  a c t i v i t i e s  o f  t h e  
a r t i c u l a t i o n s  seem t o  be t h e  s h o r t e s t .  A n o th e r  p o i n t  o f  i n t e r e s t  
i s  t h a t  t h e  rounded  vowels  p r e c e d e d  b y f  k ]  have l o n g e r  t im e  o n s e t  
t h a n  t h e  vowels  p r e c e d e d  by [  ? ]  . A n o th e r  p o i n t  i s  t h a t  SD f i g u r e s
42
o f  s h o r t  vowels  i s  g e n e r a l l y  h i g h e r  t h a n  t h o s e  o f  long  c o u n t e r ­
p a r t s .  I t  means t h a t  v a r i a t i o n  among t h e  s h o r t  yowels  i s  
h i g h e r  t h a n  t h a t  o f  t h e  long  vow e ls .  One r e a s o n  may due to  
m oto r  commands f o r  t h e  a b r u p t  m u s c u l a r  a c t i o n  a r e  n o t  a s  s t e a d y  
a s  f o r  l o n g e r  m u s c u l a r  a c t i o n .
Time d imens io n  o f  t h e  001 m u s c u l a r  a c t i v i t y .
D u r a t i o n  o f  t h e  s y l l a b l e s  c o n t a i n i n g  rounded  monophthongs  ( i n  m se c . )  
Tab le  2 001 d u r a t i o n  o f  rounded  monophthongs ( f i y e  u t t e r a n c e s )
PT u t t e r a n c e
o r d e r
EMG
d u r a t i o n
PT u t t e r a n c e
o r d e r
EMG
d u r a t i o n  ,
4
1 590 1 598
2 665 2 580




5 570 5 643
- a v e r a g e 561 a y e r a g e 599
SD 66 .36 SD 26 .7 4
1 550 1 570
2 • 490 2 445
3 390 3 550
? 'u ?  4 • 440 k'u? 4 510
5 440 5 512
a v e r a g e  462 a y e r a g e  517
SD 5 4 .1 8  SD 42 .79
1 530 “ - - 1 555
2 530 2 515
3 455 3 585
?o: 4 515 k£ 4 650
5 540 5 600
a v e r a g e 514 a v e r a g e 581
SD 30 .56 SD 4 5 .1 0
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
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T a b le  2 001 d u r a t i o n  o f  rounded  monophthongs ( c o n t . )
PT u t t e r a n c e
o r d e r
EMG
d u r a t i o n
PT u t t e r a n c e
o r d e r
EMG
d u r a t i o n
1 495 1 530
2 460 2 500
3 530 3 460
?S? 4 460 iko 4 495
5 440 5 560
a v e r a g e 477 a v e r a g e 501
SD 31 .8 7 SD 40 .3 0
1 410 1 570
2 440 2 530
3 413 3 444> o 
o* 4 410 Nko; 4 550
5 470 5 535
a v e r a g e 4 2 8 .6 a v e r a g e *526








? o ' 4 345 4 390
p 360 5 480
6 v e t o . g e 3 / 3 a v e r a g e 4C4
SD 2 2 .4 9 SD ' 4 8 .4 1
Comments on Ta b le  2 . ’
Those r e s u l t s  a r e  q u i t e  d i f f e r e n t  f rom t h e  a c o u s t i c a l  
e v i d e n c e  p r e s e n t e d  by Abramson (1962 :  86 -90 )  t h a t  t h e  d u r a t i o n  
o f  t h e  s h o r t  vowels  seems t o  be h a l f  as  l o n g  as  t h a t  o f  t h e  
lo ng  o n e s .  From t h e  e l e c t r o m y o g r a m s ,  t h e  a v e r a g e d  d u r a t i o n s  
o f  t h e  s h o r t  vowels  do n o t  a p p e a r  t o  be h a l f  t h a t  o f  t h e  long  
vow e l s .  The d u r a t i o n s  o f  t h e  long  vowels  a r e  a p p r o x i m a t e l y  
13 -18  p e r c e n t  l o n g e r  t h a n  t h o s e  o f  t h e  s h o r t  o n e s .  The 
d u r a t i o n s  a r e  t h e  s h o r t e s t  among t h e  a v e r a g e d  d u r a t i o n s  o f  [  u ]  ?
[ b ' ] a n d [ o ] .  I t  i s  a l s o  e v i d e n t  t h a t  t h e  vowels  p r e c e d e d  by 
[  k ]  a r e  o f  l o n g e r  d u r a t i o n  t h a n  t h e  vowels  p r e c e d e d  by [  ? J 
a p p r o x i m a t e l y  7 -18  p e r c e n t .  However , f rom SD f i g u r e s ,  t h e r e  
i s  no f i x e d  p a t t e r n  t h a t  t h e  d u r a t i o n s  o f  s h o r t  vowels  v a ry  
more t han  t h o s e  o f  long  vow e l s ;  e i t h e r  t h e  f i g u r e s  do n o t  
c l e a r l y  i n d i c a t e  w h e t h e r  t h e  v a r i a t i o n  among t h e  [  ? ] s y l l a b l e s  
o r  t h e [  k ] s y l l a b l e s  i s  h i g h e r .  B e s i d e s ,  i t  s h o u l d  be m en t ione d  
h e r e  t h a t  t h e  SD f i g u r e s  o f  [  u: ]  and [ u ] d i s p l a y  h ig h  v a r i a t i o n  
among t h e  back  rounded  v o w e l s .
EMG t r a c e s  o f  monophthongs .
The f o l l o w i n g  EMG t r a c e s  I I - V I I  show t h e  001 itiuscle 
a c t i v i t y  i n  t h e  rounded  monophthongs.
The EMG t r a c e s  VII I-XIX f o r  t h e  back  unrounded and 
f r o n t  vowels  show, n o t  s u r p r i s i n g l y ,  no e v i d e n c e  o f  001 jnusc le  
a c t i v i t v  ir- +hQse  vowe ls .
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I n t e n s i t y  d im ens ion  o f  rounded monophthongs .
From t h e  electro rr jyograms  i n t e r e s t i n g  phenomena o f  
r o u n d in g  a r e  d i s c l o s e d  which go beyond wha t  has  been s a i d  in  
t h e  t r a d i t i o n a l  l i t e r a t u r e .  A c c o rd in g  t o  t h e  p r o c e d u r e s  : 
m e n t ione d  e a r l i e r  i n  t h e  p r e v i o u s  c h a p t e r  2 , t h e  c h a r a c t e r i s t i c s  
o f  t h e  i n t e n s i t y  d i m e n s i o n q f /  t h e  001 m u sc l e  employed i n  p e r f o r m in g  
t h e  ro u n d in g  g e s t u r e s  were a l s o  q u a l i t a t i v e l y  compared among 
t h e  rounded  vow e ls .  The d a t a  i s  p r e s e n t e d  i n  a v e r a g e d  i n t e g r a t e d  
c u r v e s  i n  AIC I - I I I ,  and in  d i f f e r e n c e  c u r v e s  (DC) I - I I .
Comments on t h e  a y e ra g e d  i n t e g r a t e d  c u r v e s  and t h e  d i f f e r e n c e
A
c u r v e s .
The s t u d y  o f  t h i s  d im ens ion  i s  c o n c e n t r a t e d  upon 
t h e  v e r t i c a l  pha se  o f  t h e  e l e c t r o m y o g r a p h i c  i n t e g r a t e d  c u r v e . .
As a p p e a r i n g  on t h e  c o n t o u r s  o f  t h e  a y e r a g e d  i n t e g r a t e d  c u r v e s
C Cli 0 s«i iCl I Cll. 1.(21 " l^ t lC i j  ollC i b (J 1 £* t  u Li t .l.w Vv-
t y p e  which o c c u r r e d  in  t h e  p r o d u c t i o n  o f C u ; ]  , [ u ] a n d [ o : l  .
T ha t  i s ,  t h e  t e n s i o n  s t i l l  c o n t i n u e s  l e y e l  a f t e r  t h e  o n s e t  o f
. ;  > I
t h e  a c o u s t i c  s i g n a l .  The o t h e r  i s  a p y r a m i d - l i k e  c u r y e  f o r  
[ o ; 3  a n d f o ] ;  t h e  t e n s i o n  d e c l i n e s  i m m e d i a t e l y  a f t e r  t h e  a 
a c o u s t i c  o n s e t .  The i n t e g r a t e d  c u rv e  o f  C o ]  seems t o  have  
t r a n s i t i o n a l  c h a r a c t e r i s t i c  be tw een  t h e  two d i f f e r e n c e s .
From t h e  f i g u r e s  o f  t h e  a v e r a g e d  i n t e g r a t e d  c u r v e s  and d i f f e r e n c e  
c u r v e s  i t  may be c o n c lu d e d  t h a t :
The c u r v e  f o r C u : ]  and [  u ]  has  r e l a t i v e l y  t h e  same d e g r e e  o f  
i n t e n s i t y ;
The c u r v e  f o r L u : ]  and [ o : ]  a l s o  has t h e  same d e g r e e  o f  i n t e n s i t y ;
64
The c u r v e  f o r  L u :1  and C o ]  r e v e a l s  a d i s t i n c t i o n  o f  i n t e n s i t y  
f rom t h o s e  [  u : ]  , [ u ]  , and [ o : ]  ;
The c u r v e  f o r  [ u : ]  a n d [ o : 3  has  r e l a t i v e l y  t h e  same i n t e n s i t y  as  
a s  t h a t  o f  [ u : ]  and [ o ] ;
The c u r v e  f o r [ u : ]  and [ o ]  has s i m i l a r  d i f f e r e n c e s  t o  t h o s e  
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THE STUDY OF ORBICULARIS ORIS INFERIORIS (001)
MUSCLE ACTIVITY IN DIPHTHONGS AND TRIPHTHONGS
General  i n t r o d u c t i o n .
Diphthongs  i n  S t a n d a r d  Thai  a r e  c l a s s i f i e d  i n t o  
two c a t e g o r i e s  namely:  c l o s i n g  d i p h t h o n g s  f o r  t h o s e  composed 
o f  f r o n t  vowels  g l i d i n g  tow ards  t h e  h i g h - b a c k - r o u n d e d  vowel., 
o r  o f  back vowels  ( i n c l u d i n g  un rounded C* ]  ) g l i d i n g  to w a rd s  
t h e  h ig h  f r o n t  un rounded vowel ,  and t h e  [ a ]  g l i d i n g  upwards 
in  t h e  d i r e c t i o n s  o f  t h e  h i g h - f r o n t  and t h e  h i g h - b a c k .  The 
o t h e r  group  i s  ope n ing  d ip h th o n g s  which haye t h e  h i g h - f r o n t  
and t h e  h i g h - b a c k  g l i d i n g  downwards t o  t h e  [ a 1 .  The d iag ra m s  
s u g g e s t e d  by Henderson (1975:  263)  a r e  p r a c t i c a l  i n  i l l u s t r a t i n g  
t h e  p h o n o l o g i c a l  p a t t e r n  o f  t h e  d i p h t h o n g s .
c l o s i n g  d i p h t h o n g s  o p e n i n g  d i p h t h o n g s
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A c c o r d i n g l y ,  t h o s e  c l o s i n g  and t h e  ope n ing  d i p h th o n g s  which 
which i n i t i a t e d  by t h e  ro u n d in g  g e s t u r e s ,  t h e i r  p h o n e t i c  r e p r e s e n ­
t a t i o n s  a r e :  Cu i  3 , [ o : i  ]  , [  o i  ]  and [  ua 3  r e s p e c t i v e l y ;  t h e  
m easu rem en ts :  i n t i t i a l  r o u n d in g  a n t i c i p a t i o n  f o r  t h e s e  d ip h th o n g s  
a r e  p r e s e n t e d  i n  Tab le  3 ,  The m easu rem ens t s  o f  t h e  c l o s i n g  
d ip h th o n g s  which  ended by r o u n d in g  g e s t u r e :  [  i u ]  , [ e u  ] , [  eu ]  , 
[ e : u ] .
In  t h i s  s t u d y  o n ly  d i p h t h o n g s  c o n t a i n i n g  a unrounded 
vowel a s  one o f  t h e s e  e l e m e n t s  w i l l  be d e a l t  w i t h ,  i . e .  [ a i } >[ a : i j ( 
[ i : a ] ,  [ t u a ] and [ v : i  ]  a r e  e x c lu d e d .
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001 m usc le  a c t i v i t y  f o r  d i p h t h o n g s .
Time d im e ns ion :
Time o n s e t  o f  t h e  s y l l a b l e s  i n i t i a l l y  c o n t a i n i n g  rounded  v o w e l s ,  
i n  msec.
T a b le  3 I n i t i a l  ro u n d in g  a n t i c i p a t i o n  i n  d i p h t h o n g s  s t a r t i n g  - 
w i t h  rounded  vowels  ( f i v e  u t t e r a n c e s )
PT u t t e r a n c e  EMG o n s e t  PT u t t e r a n c e  EMG o n s e t  
o r d e r  t o  Ao o r d e r  t o  Ao
1 230 1 280
2 240 2 405
/ 3 305 / 3 240
?ui 4 470 kui 4 € 280
5 190 5 278
a v e r a g e 287 a v e r a g e 297
SD 98.67 SD 56 .3 0
1 220 1 223 *
2 190 2 260
3 180 3 284
/»
-T 215 ko: i 4 240
5 248 5 260
a v e r a g e 211 a v e r a g e 253
SD 23 .94 SD 20 .63
1 100 1 240
2 200 2 367
s/ 3 190 A 3 266
?o i 4 210 ko i 4 180
5 154 5 196
a v e ra g e 171 .. . a v e r a g e 250
SD 40 .1 3  ' SD ~ 66 .12
1 375 1 350
2 230 2 190
3 230 3 210
✓ 4 235 kua 4 • 164?ua 5 350 5 270
a v e ra g e 284 a v e r a g e 237
SD 64 .60 SD 66 .52
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
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T a b l e  4a F i n a l  ro u n d in g  a n t i c i p a t i o n  and t i m e - l a g  i n
d i p h th o n g s  end in g  w i t h  r o u n d in g  g e s t u r e  ( f i v e  u t t e r a n c e s )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao: o r d e r t o  Ao
1 55 1 40
2 -18 2 40
/ 3 -4 4 / 3 -1 0
? i u 4 45 ki u 4 -3 0
5 -2 5 5 -3 0
a v e r a g e 2 . 6 a v e r a g e 2
SD 39 .75 SD 20 .98
1 25 1 -107
2 10 . 2 -1 10
3 -3 0 3 -  93
4 -20 4 -  70?eu 5 -62 keu 5 . -1 00
a v e r a g e - 1 5 . 4 a y e r a g e -96
SD 75.05 SD 1 4 .2 7
T a b l e  4b F i n a l  ro u n d in g  t i m e - l a g  in  d i p h t h o n g s  e n d in g  w i t h  
r o u n d in g  g e s t u r e  ( f i v e  u t t e r a n c e s )
<
PT 1 -30 1 -1 60
2 -15 2 -1 80
3 -30 3 -2 20
?evu 4 -20 ke; u 4 -210
5 -18 5 -245
a v e r a g e - 2 2 . 6 a y e r a g e -203
SD 6.2 5 SD 29.93
PT 1 -85 V 1 - 6 0
2 -115 . ■ 2 -110
3 -1 65  ' 3 -135
?au 4
-8 0 kau 4 -1555 -88 5 -120
a v e r a g e - 1 0 6 . 6 a v e r a g e -1 16
SD 31 .62 SD 3 1 .8 4
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
-  mark i n d i c a t e s  EMG o n s e t  b e g in s  a f t e r  Audio o n s e t .
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Comments on T a b l e s  3 ,  4a and 4b.
The p a t t e r n s  o f  t im e  o n s e t  on T a b l e  3 a r e  t h e  same 
as  t h o s e  found  i n  t h e  p r o d u c t i o n  o f  monophthongs .  T h a t  i s ,  
t h e  more rounded  vowels have l o n g e r  a n t i c i p a t i o n  t h a n  t h e  l e s s  
rounded  o n e s .  Th is  was found i n  b o th  t h e  s y l l a b l e s  p r e c e d e d  
by C ?  3 and [  k ] .
F o r  t h e  o t h e r  group i n  T a b l e  4a and 4b ,  t h e  c l o s i n g  
d i p h th o n g s  e n d in g  w i t h  r o u n d in g  g e s t u r e ,  t h e  p h o n e t i c  r e p r e s e n t a t i o n s  
a r e :  [ i u ] , [ e u ] ,  [ e ; u ] ,  [  eu ]  and [ a u ] .  T h e re  a r e  two 
c h a r a c t e r i s t i c s  o f  t h e  t im e  o n s e t  h e r e .  Fo r  t h e [ ? j u ] a n d  t h e  
[ k i \ i ] t h e  t im e  o n s e t  o f  t h e  ro u n d in g  s t a r t s  p r i o r  t o  t h e  a c o u s t i c  
s i g n a l .  On t h e  o t h e r  hand ,  in  [ ? e u ]  »[?eij ]  > [ ?  au ]> [ k e u ]  > [  keTu] 
a n d [ k a u ] ,  t h e  ro u n d in g  i s  d e l a y e d  u n t i l  a f t e r  t h e  o n s e t  o f  t h e  
a c o u s t i c  s i g n a l .  These  may be e x p l a i n e d  t h a t  [  i u ] p o s s e s s e s  
more i n i t i a l  c l o s i n g  g e s t u r e  t h a n  [ e u  ] ,  [ e u  ]  , [ e : u ]  > and [ a n ] .
Thus t h e  roundIr .g  g e s t u r e  in  F iu  ]  a lw ays  s t a r t e d  e a s i e r  t h a n  
t h a t  i n  [ e u ]  ?[ e u  ]  ? [ e ; u  ]  and C au ]  *
Time d im ens ion  o f  t h e ’OOI musc le  a c t i v i t y  f o r  d i p h t h o n g s .
D u r a t i o n  ( i n  m se c . )
In t h e  c l o s i n g  d i p h th o n g s  e n d ing  w i t h  s p r e a d i n g  
g e s t u r e :  [  ui  ]  , [ o : i ]  a n d [  o f ] ,  and t h e  o p e n in g  d i p h t h o n g s  
[ ? u a ]  , a n d [ k u a ]  t h e  d u r a t i o n s  o f  t h e  r o u n d in g  g e s t u r e s  
v a ry  a c c o r d i n g  t o  t h e  f u n c t i o n a l  l e n g t h  o f  t h e  r o u n d in g s  ( s e e  T a b l e 5 ) .
I t  a l s o  a p p e a r e d  t h a t  t h e  SD 1 o f  [  ? u i ] i s  e x t r e m e l y  h i g h .  Th i s  
may be t h e  e f f e c t  o f  t h e  h igh  y a r i a t i o n  i n  r o u n d i n g  a n t i c i p a t i o n  
o f  t h i s  s y l l a b l e .  However ,  t h e  SD f i g u r e s  o f  t h e  s y l l a b l e s
’■:* i  * \ . * _ • ’
1  ...... -     T-
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i n i t i a t e d  by r o u n d in g  g e s t u r e  l o o k  i n  g e n e r a l l y  h i g h .  The e v id e n c e  
may be e x p l a i n e d  t h a t  t h e  001 m u s c l e  i s  a c t i v a t e d  r a t h e r  e a r l y  
when t h e r e  i s  no p r e c e d i n g  ro u n d in g  p e r f o r m a n c e  i n  t h o s e  s y l l a b l e s .  
T h a t  i s ,  t h e  001 does  not  i n v o l v e  i n  t h e  a r t i c u l a t i o n  o f  e i t h e r  
[  ? 1 o r  C k 3 ,  so t h a t  t h e  m u sc l e  i s  f r e e  t o  move whenever  
t h e  m oto r  command f o r  r o u n d in g  a r r i v e s .
For  t h e  c l o s i n g  d i p h t h o n g s  e n d in g  w i t h  l i p  r o u n d in g  
p o s t u r e ,  t h e  d u r a t i o n a l  p e r i o d  o f  t h e  r o u n d i n g  i s  i n f l u e n c e d  
by t h e  l e n g t h  t o  t h e  p r e c e d i n g  e l e m e n t s .  T h i s  i s  e v i d e n t  in  
[ ? e u  3 and [ k e ? u ] u t t e r a n c e s  ( s e e  T a b le  6 ) .
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Table  5 001 m u sc l e  a c t i v i t y  d u r a t i o n  f o r  d i p h t h o n g s  w i th  
i n i t i a l  r o u n d in g  ( f i v e  u t t e r a n c e s ) .
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n . , o r d e r d u r a t i o n
• 1 300 1 348
2 334 2 480
3 390 3 385
?ul 4 610
✓
ku i 4 434
5 343 5 400
a v e r a g e 3 9 5 .4 a v e r a g e 409
SD 111 .08 SD 4 4 .8 2
1 450 1 460
2 415 2 530
3 420 3 575
?o:  i 4 434 ko: i 4 * 477
5 486 5 535
a v e r a g e 441 a v e r a g e 515
SD 25 .58 SD 41 .7 0
*
1 150 1 400
2 255 2 520
V 3 240 A 3 462
?oj 4 335 ko i 4 260
c 250 tv 350
a v e r a g e 246 a y e r a g e 398
SD ' 58 .77 SD 89 .81
1 * 530 1 545
2 385 2 370 .
3 360 3 400/
?ua 4 400 kua 4 398
5 540 5 490
a v e r a g e 443 a v e r a g e 440
SD 7 6 .2 6  ' - SD 66.01
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T a b le  6  001 m usc le  a c t i v i t y  d u r a t i o n  f o r  d i p h t h o n g s  w i t h
f i n a l  r o u n d in g  g e s t u r e  ( f i v e  u t t e r a n c e s ) .
PT u t t e r a n c e EMG PT , u t t e r a n c e EMG
o r d e r n d u r a t i o n o r d e r d u r a t i o n
1 368 1 370
2 325 2 374
3 280 \ 3 365
? iu 4 390 kiu 4 375
5 285 5 355
a v e r a g e 330 a v e r a g e 368
SD 43 .80 SD ' 7 . 3 0
1 285 1 235
2 350 2 290
3 330 3 310
4 370 4 340?eu 5 295 keu 5 « 300
a v e r a g e 326 a v e r a g e 295
SD 3 2 .1 6 SD 34 .3 5
1 320 1 175
2 290 2 170 „
V 3 285 y\ 3 2 0 0
?eu 4 332 k e :u 4 180
5 335 ' 5 215
dvOj ..vjt 312 a v t i a g t 138
SD 2 1 SD ~ 16 .91
1 280 1 310
2 . 275 2 285
3 270 3 290
4 270 4 240?au 5 ' 320 kau 5 270
a v e r a g e 283 a v e r a g e 279
SD 1 8 .8 7 SD 23 .32
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I n t e n s i t y  d imens io n
In  t h i s  d im ens ion  t h e  s t u d y  was c o n c e n t r a t e d  on t h e  
a v e ra g e d  i n t e g r a t e d  c u rv e s  o f  t h e  d i p h t h o n g s .
( s e e  AIC IV -V II )
Comments on AIC IV -V II .
An i n t e r e s t i n g  p o i n t  i s  t h a t  t h e  t em p o ra l  m u s c u l a r  
t e n s i o n  o f  t h o s e  i n i t i a l  r o und ing  o r  f i n a l  r o u n d i n g  g e s t u r e  look  
h a r d l y  d i f f e r e n t  e x c e p t  in  t h e  s y l l a b l e s  which have l o n g e r  
d u r a t i o n ,  [ o : i ]  and [ e : u ]  . From t h i s  p o i n t ,  one can a p p ly  
i n  t e a c h i n g  o r  l e a r n i n g  ' p r o n u n c i a t i o n  o f  Thai  d i p h t h o n g s  t h a t  
t h e  i n t e n s i t y  o f  l i p  r o u n d in g s  i n [ u i  ] ,  [ o :  i ]  , £ o i  ]  , [  iu  ]  , 
[ e u  3  and [ e u  3 a r e  r e l a t i v e l y  t h e  same.  In  a d d i t i o n , f o r  
t h e  c l o s i n g  d i p h t h o n g s  end in g  w i t h  l i p  ro u n d in g  g e s t u r e ,  t h e  
m u s c u l a r  t e n s i o n  seems t o  be a f f e c t e d  by t h e  l e n g t h  o f  t h e  
in '-! s i  M irant. T h a t  i s -  t h e  i n t e n s i t y  d e c r e a s e s  i r
✓N.
a l o n g e r  un round ing  i s  p r e c e d i n g  ( s e e  [ k e : u ] o n  AIC V I I ) .
A I C  T V
? u i
7 o: i
?  u »
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A I C  3 T
*? e u
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k  o : i
f82
A I C  V I I
k  i y x
9
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0 0 1  m usc le  a c t i v i t y  i n  t r i p h t h o n g s .
Thai  has  t h r e e  t r i p h t h o n g s ,  which  can be t r a n s c r i b e d  
p h o n e t i c a l l y :  Twai 1 , [ u a i  ]  , and ( j au) .  The re  was e v id e n c e  
t h a t  among t h e  t h r e e  t r i p h t h o n g s  o n ly  f u a i  J  , and [ i a u ]  i n v o lv e d  
a c t i v a t i o n  o f  t h e  0 0 1  m usc le .
Time d im e n s io n .
Time o n s e t  ( i n  m s e c . )
T a b le  7a I n i t i a l  ro u n d in g  a n t i c i p a t i o n  in  t r i p h t h o n g s  
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t






























3 5 .1 4
T a b le 7b F i n a l  r o u n d in g  t i m e - l a g  i n  t r i p h t h o n g s
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
/\





















a v e r a g e
SD
- 2 2 0 -
- 2 0 0





PT = P h o n e t i c  T r a n s c r i p t i o n .  Ao -  Audio o n s e t .
-  mark i n d i c a t e s  t h e  EMG o n s e t  o f  t h e  001 m u sc l e  b e g in s  a f t e r  t h e  
Aus io  o n s e t .
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Comments on T a b l e s  7a and 7b.
The r o u n d in g  a n t i c i p a t o r y  movements f o r  t h e  t r i p h t h o n g  
C i a u  3 a r e  d e l a y e d  a s  i n  t h e  d i p h t h o n g s  [ e u  ]  , [ e u ] a n d  [ a u  ] .
As m i g h t  be e x p l a i n e d ,  t h e  d e l a y i n g  pha se  i s  even  l o n g e r  t h a n  
in  t h e  d i p h t h o n g s .  Fo r  t h e  t r i p h t h o n g  [ u a i ]  t h e  a n t i c i p a t i o n  
o f  r o u n d in g  a c t i y i t y  i s  a s  e a r l y  as  i n  t h e  monophthong [  u 3 .
Time d im ens ion  o f  t h e  001 m u s c l e  a c t i v i t y  f o r  t r i p h t h o n g s .  
D u r a t i o n  ( i n  m s e c . )
T a b le  8  001 m u sc l e  a c t i v i t y  d u r a t i o n  f o r  i n i t i a l  and f i n a l
ro u n d in g  i n  t r i p h t h o n g s  ( f i v e  u t t e r a n c e s ) .
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 410 1 455 '
2 505 2 400
3 475 3 455
? u a i 4 365 kuai 4 380
5 330 5 490
a v e r a g e 417 a y e r a g e 436
SD 65 .47 SD 4 0 .1 7
1 ' 2 1 0 1 162
2 195 2 1 8 0
/ \ 3 2 1 0 A 3 250
? i a u 4 2 0 0 k iau 4 235
5 a 150 5 233
a y e r a g e 193 a y e r a g e 2 1 2
SD 22 .27 SD 3 4 .4 6
Comments on T a b l e  8 .
The f i g u r e s  show t h a t  t h e  i n i t i a l  r o u n d i n g  g e s t u r e  i n  
Thai t r i p h t h o n g s  i s  more emphas ized  t h a n  t h e  f i n a l  r o u n d in g  
g e s t u r e .  T h i s  c h a r a c t e r i s t i c  i s  t o  be aware o f  i n  t e a c h i n g  
t r i p h t h o n g  p r o n u n c i a t i o n  o f  T h a i .
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I n t e n s i t y  d i m e n s io n .
By compar ing  between t h e  r o u n d in g  in  t h e  i n i t i a l  
p o s i t i o n  and i n  t h e  f i n a l  p o s i t i o n  o f  t h e  t r i p h t h o n g a l  s t r u c t u r e s ,  
i t  i s  o b v io u s  t h a t  t h e  i n i t i a l  r o u n d in g  c o n f i g u r a t i o n  has  g r e a t e r  
t e n s i o n  t h a n  ro u n d in g  in  t h e  o t h e r  p o s i t i o n  ( s e e  AIC V I I I ) .
C om para t iv e  s tu d y  o f  a v e ra g e d  i n t e g r a t e d  c u r v e s  (AIC).
AIC IX-XIV show t h e  c om par i son  between t h e  t em pora l  
d i f f e r e n c e s  o f  i n t e n s i t y  d im e n s io n  among m o n o p h th o n g s : d ip h t h o n g s ;  
m o n o p h t h o n g s : t r i p h t h o n g s ;  and d i p h t h o n g s : t r i p h t h o n g s .
Comments on AIC IX-XIV.
G e n e r a l l y ,  t h e r e  seems t o  be two d e g r e e s  o f  001 
m u s c u l a r  t e n s i o n  f o r  r o u n d in g :
r
F i r s t l y ,  t h e  a c t i v i t y  f o r  t h e  monophthong [  u ]  i n  which 
tfip grM^te^ ^oncjnsr, o c c u r r e d ;  ( s e e  «If- 'X,  X*, XTI « nd v j i j ) .
S e c o n d l y ,  t h e  a c t i v i t y  f o r  i n i t i a l  and f i n a l  r o u n d in g  
C u ,  o o J i n '  d i p h th o n g a l  .and t r i p h t h o n g a l  components  ( s e e  AIC XIV).
A d d i t i o n a l l y ,  one i n t e r e s t i n g  p o i n t  i s  t h a t  t h e  
m u s c u l a r  t e n s i o n s  f o r  t h e  [ o : ] , [ o : i  ]  and t h e [  o ]  , [  o i ]  i n  t h e  
monophthongal  and d i p h t h o n g a l  s y l l a b l e s ,  which d e s p i t e  t h e  
phonemic d i f f e r e n c e ,  do n o t  s i g n i f i c a n t l y  v a r y . ( s e e  second  and 
t h i r d  c u r v e s  on AIC X, and second  and t h i r d  c u r v e s  on AIC X I I ) .
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CHAPTER 6
THE STYDY OF DEPRESSOR LABII INFERIORIS 
MUSCLE ACTIVITY
I n t r o d u c t o r y  d i s c u s s i o n  o f  " s p r e a d i n g "  and " u n r o u n d i n g " .
In e l e c t r o m y o g r a p h i c  r e s e a r c h  on m u s c u l a r  f u n c t i o n  
i n  s p e e c h ,  t h e  DLI m u sc l e  i s  known t o  p l a y  an i m p o r t a n t  r o l e  
i n  l i p  s p r e a d i n g  g e s t u r e  (Ohman e t  a l . ,  1967 :  6 ) .  Accord ing  
t o  t h e  t r a d i t i o n a l  l i t e r a t u r e  o f  p h o n e t i c s ,  a r t i c u l a t o r y  
p o s t u r e s  o f  t h e  l i p s  were  a s s o c i a t e d  w i t h  two o r  t h r e e  t e r m s :  
ro u n d e d ,  unrounded  o r  s p r e a d .  A p p a r e n t l y ,  t h e  t e rm s  " unrounded"  
and " s p r e a d . " were o f t e n  u sed  i n t e r c h a n g a b l y  i n  s p e e c h  d e s c r i p t i o n  
For  i n s t a n c e  i n  S w e e t ' s  A PRIMER OF PHONETICS ( 3 r d ,  p.  1 8 ) ,  . 
he  m en t ioned  t h a t  "The i n f l u e n c e  o f  t h e  l i p s  may a l s o  be 
o b s e r v e d  in  t h e  unrounded  v o w e l s .  In  t h e  f o r m a t i o n  o f  t h e  
h i g h - f r o n t  vowei in r t ,  t h e  sound i s  made c l e a r e r  by s p r e a d i n g  
o u t  t h e  c o r n e r s  o f  t h e  l i p s " .
In  P i k e ' s  Lip M o d i f i c a t i o n s  o f  Voco ids  (1971 :  14) o n l y  
one s p r e a d i n g  g e s t u r e  i s  d e m o n s t r a t e d  which  i s  f o r  t h e  h i g h -  
f r o n t  vowel .
H e f f n e r  (1952:  98) employs  t h e  t e r m  unrounded  in  
t h e  s e n s e  o f  e i t h e r  n e u t r a l  o r  s p r e a d ,  a s  he s a i d ,  "On t h e .  
b a s i s  o f  t h e  b e h a v i o r  o f  t h e  l i p s  d u r i n g  t h e i r  p r o d u c t i o n  
vowels  may be c l a s s i f i e d  a s  rounded  o r  u n r o u n d e d .  Unrounded 
vowels  a r e  p roduced  e i t h e r  w i t h  t h e  m u s c l e s  o f  t h e  l i p s  q u i t e  
i n a c t i v e  o r  n e u t r a l ,  o r  w i t h  t h e  c o n t r a c t i o n  o f  t h e  s e y e r a l  
s e t s  o f  m u s c l e s  which  draw back  t h e  c o r n e r s  o f  t h e  l i p s  and
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and b a r e  t h e  t e e t h .  Th i s  i s  c a l l e d  t h e  s p r e a d  l i p  p o s i t i o n " .
As a m a t t e r  o f  f a c t ,  t h e  a p p l i c a t i o n  o f  t h e  t e rm s  " s p r e a d "  
and "unrounded"  s h o u ld  be employed w i t h  more p r e c i s i o n ,  s i n c e  
a l t h o u g h  a . s p r e a d  vowel can c e r t a i n l y  be c a l l e d  an unrounded  
v ow e l ,  t h e  c o n v e r s e  i s  n o t  n e c e s s a r i l y  t r u e .  An unrounded  
vowel i s  n o t  a lw ays  a s p r e a d  vow e l ;  in  s h o r t ,  t h e  two t e rm s  
a r e  nob  synonymous.
The d i s t i n c t i v e  f e a t u r e s  p ro p o se d  in  The Sound P a t t e r n  
o f  E n g l i s h  a r e  r e l a t i v e l y  i n a d e q u a t e  t o  c o v e r  t h e  l a b i a l  g e s t u r i n g  
d i s t i n c t i o n  needed  t o  d i f f e r e n t i a t e  be tween " s p r e a d i n g "  and 
" u n r o u n d i n g " .
T r a d i t i o n a l l y ,  t h e  s p r e a d i n g  g e s t u r e  o f  t h e  f r o n t  
vowels  i s  d e s c r i b e d  bo th  i n  r e l a t i o n  t o  t h e  t o n g u e  p o s i t i o n  
o f  t h e  v o w e l s ,  and t o  t h e  c o n t r a c t i o n  o f  t h e  mouth c o r n e r s .
However ,  t h e  g e s t u r e  f o r  a s p r e a d  vowel and f o r  a sm-i ling 
g e s t u r e  a r e  i n  f a c t  n o r m a l ly  n o t  made i n  t h e  same manner  o r  
w i t h  t h e  same m u s c u l a r  movement.  O b s e r v a t i o n  shows t h a t  s m i l i n g  
does  i n d e e d  need  mouth c o r n e r  c o n t r a c t i o n ;  w h e re as  a s p r e a d  
vowel needs  t h e  l o w e r i n g  o f  t h e  l i p  c o r n e r s ,  wh ich i n v o l v e s  
t h e  a c t i v i t y  o f  t h e  DLI. M oreove r ,  Le a nde r son  and Lindblom 
(1972:  365) found  t h e  l i p  s p r e a d i n g  g e s t u r e  o f  DLI a c t i v i t y  
f o r  1  .
The f o l l o w i n g  p r e s e n t a t i o n  i s  t h e  d a t a  o f  EMG a n t i c i p a t i o n  
o c c u r r e d  in  t h e  p r o d u c t i o n s  o f  f r o n t  v o w e l s .
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DLI m usc le  a c t i v i t y  f o r  f r o n t  monophthongs .
Time d i m e n s io n .
Time o n s e t  ( i n  m s e c . )
T a b le  9 DLI a n t i c i p a t i o n  f o r  f r o n t  monophthongs
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 206 1 235
2 170 2 188
3 240 \ 3 178
? i : 4 165 k i : 4 160
5 270 5 250
a v e r a g e 2 1 0 a y e r a g e 2 0 2
SD 4 0 .35 SD 3 4 .4 3
1 243 1 285
2 240 2 * 280
\ _ 3 188 - \ _ 3 2 1 0
? i 4 155 ki 4 150
5 252 5 180
a v e r a g e 216 '• a y e r a g e 2 2 1
SD 3 7 .7 0 SD 53,. 70
1 2 0 0 1 170
2 2 1 0 o 240
/ 3 160 / 3 2 0 0
? e : 4 190 ke: 4 217
5 150 5 190
a v e r a g e 182 a v e r a g e 203
SD 23 .15 SD 2 3 .8 0
1 250 1 . 2 2 0
2 205 2 2 0 2
/ 3 105 3 274' ?
?e 4 195
. ?  , ke 4 190
5 185 5 195
a v e r a g e 140 a y e r a g e 216
SD 47 .0 7 SD 3 0 .6 4
96
T l b l e  9 ( c o n t . )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 160 1 250
2 160 2 2 2 0
A 3 150 N 3 2 1 0
? e : 4 77 ke: 4 2 2 0
* . 5 152 5 198
a v e r a g e 140 a v e r a g e * 219
SD 31 .6 6 SD 1 7 . 2 2
1 149 1 230
2 240 2 217
3 145 3 215
O o ? 4 2 1 0 4 213?e 5 177 ke 5 208
-  v e ra g s .184 a v e r a g e 217
>[■ 3 6 .3 5 SD ' j  .33
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Comments on T a b l e  9
In t h e  s y l l a b l e s  p r e c e d e d  by C ? ]  t h e  EMG t im e  o n s e t  
o f  t h e  s h o r t  vowels  seem t o  b e g in  c o n s i s t e n t l y  e a r l i e r  t h a n  
t h o s e  o f  t h e  lo n g  v o w e l s .  In  t h e  s y l l a b l e s  p reced t iby  C k ]  ,
N SO
however ,  t h e r e  i s  e v i d e n c e  from [  k e : J a n d  [ ke J t h a t  t h e  e l e c ­
t r o m y o g r a p h i c  o n s e t s  o f  t h e  s h o r t  vowels  do n o t  o c c u r  e a r l i e r  
t h a n  t h e  long  c o u n t e r p a r t s .  Comparing among t h e  f r o n t  v o w e l s ,  
t h e  m u s c u l a r  a n t i c i p a t i o n  f o r  t h e  h i g h - f r o n t  yowels  a p p e a r s  
t o  be t h e  l o n g e s t .  N e v e r t h e l e s s ,  t h e  e v i d e n c e  i s  i n c o n d u c i v e  
as  t o  w h e t h e r  t h e  a n t i c i p a t o r y  movements o f  C e  ]  o r [  e ] a r e  l o n g e r .  
However ,  t h e  SD f i g u r e s  i n d i c a t e  r a t h e r  l e s s  v a r i a t i o n  among t h e  
t h e  a n t i c i p a t i o n  f i g u r e s  t h a n  among t h o s e  o f [ e  ]  f i g u r e s .
T hus ,  i t  m ig h t  be d e c i d e d  from t h i s  p o i n t  t h a t  t h e  a n t i c i p a t i o n  
o f  [  e ]  i s  l o n g e r  t h a n  t h a t  o f  [  e  ]  . Fo r  C a :  , a 3 t h e  EMG r 
t r a c e  i s  i n s i g n i f i c a n t ;  h o w e v e r , i n  c om par ing  w i t h  t h e  u t t e r a n c e s  
o f  t n e  bacr, u n r o u n d e d ,  Q w ] a n d  [, v j t n e  EMG a c t i o n  p o t e n t i a l s  
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Time d im e ns ion  o f  t h e  DLI m u sc l e  a c t i v i t y .  
D u r a t i o n  ( i n  m s e c . )
T a b l e  10 DLI d u r a t i o n  o f  f r o n t  monophthongs  
. ( f i v e  u t t e r a n c e s )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 484 1 370
2 450 2 450
3 553 \ 3 330
? i : 4 450 k i : 4 310
5 540 5 455
a v e r a g e 495 a y e r a g e 383
SD 43 .72 SD , 59 .96
1 310 1 420
2 370 2 380
\ ~ 3 335 \  0 3 300
?i 4 315 ki 4 270
5 370 5 340"
a y e r a g e 340 a y e r a g e 342
SD 25 .8 8 SD 53.81
1 455 1 490
2 540 I 500
3 460 3 460
? e : 4 490 ke: 4 460
5 420 5 405
a v e r a g e 473 a v e r a g e 463
SD 4 0 .2 0 SD " 33 .1 0
1 350 1 350
2 315 - 2 300
/  o 3 230 /o 3 400
?e 4 330 ke 4 350
5 275 5 350
a v e r a g e 300 a v e r a g e 350
SD 4 2 .7 8 SD 3 1 .6 2
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I
T a b l e  10 ( c o n t . )
PT u t t e r a n c e e
o r d e r
EMG
d u r a t i o n
PT u t t e r a n c e
o r d e r
EMG
d u r a t i o n
1 420 1 350
2 430 2 430
A 3 275 \ 3 410
? e ; 4 390 ke: 4 474
5 385 5 375
a v e r a g e 380 a y e r a g e 4 2 7 .8
SD
/
55 .22 SD 66.23
1 255 1 325
2 375 2 « 330
3 . 260 3 250
'  ? 4 310 4 300?e 5 325 ke 5 340
a v e r a g e 305 a y e r a g e 309
SD 4 4 .3 8 SD 32.31
<
Comments on T a b le  10 .
The re  i s  e v id e n c e  t h a t  t h e  EMG d u r a t i o n s  o f  t h e  
long  vowels  a r e  n o t  t w i c e  as  long  as  t h e  s h o r t  c o u n t e r p a r t s
ACOU.&tic%!
a s  has been s u g g e s t e d  i n  e a r l i e r +d e s c r i p t i o n  o f  Tha i(Abramson 
1962:  1 0 7 ) .  The d u r a t i o n a l  d i f f e r e n c e s  between  t h e  long  and 
t h e  s h o r t  c o u n t e r p a r t s  a r e  a p p r o x i m a t e l y  10 -24  p e r c e n t  f o r  t h e  
s y l l a b l e s  p r e c e d e d  b y [  k 3 ,  and 15-31 p e r c e n t  f o r  t h e  s y l l a b l e s
S rr.
p r e c e d e d  b y [ ?  ] .  D u r a t i o n a l  d i f f e r e n c e s  among t h e  same vowel 
phoneme f o l l o w i n g C ? ] a n d [  k J  a l s o  o c c u r ,  b u t  t h e r e  i s  no 
r e g u l a r i t y  t h a t  one group o f  t h e  s y l l a b l e s  i s  c o n s i s t e n t l y  
l o n g e r  t h a n  t h e  o t h e r .
■i
I n t e n s i t y  d im ens ion  o f  DLI m usc le  a c t i v i t y .
The t em p o ra l  d i f f e r e n c e s  among t h e  i n t e n s i t y  a c t i v i t i e s  
o f  DLI f o r  t h e  f r o n t  vowels  a r e  d e m o n s t r a t e d  by d i f f e r e n c e  
c u r v e s u o  x l i - i v ) .
Comments on DC I I I - I V .
The s l i g h t  d i f f e r e n c e s  o f  i n t e n s i t y  a c t i v i t y  between
L i : . ]  , L e : 3> a n d [ i : ] >  [ e :  ]  do n o t  a p p e a r  t o  be d i s t i n c t i v e  .
In  s p i t e  o f  t h a t ,  t h e  d i f f e r e n c e  c u r v e s  between  L i  1 ,  L e  ]
a n d [ i  . ] ,  t e ]  r e v e a l  t h a t  t h e  t em p o ra l  t e n s i o n  f o r  t h e [ e  J
i s  a l i t t l e  g r e a t e r  t h a n  f o r  t h e  C e ] .
Thus ,  a c c o r d i n g  t o  t h e  t em pora l  d i f f e r e n c e s  i l l u s t r a t e d
th ro u g h  t h e  d i f f e r e n c e  c u r v e s ,  two g r oups  o f  vowels  c a n  be
c a t e g o r i z e d :  one w i t h  h i g h e r  t e n s i o n ,  [  i : ]  , [ e :  ] ,  and [  e:  ]  , 
the  o th e r  with lower te n s io n ,  Ei J , C e l  , a n d  C e l .
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A c cord ing  t o  t h e  r e s u l t ,  [  i : }  , [ e :  ]  , [ e ; ]
C 1 ] »  [ e  ] , [ e  ]  a r e  t r a n s p o s e d  from t h e i r  u s u a l  p o s i t i o n s
in  t h e  t r a d i t i o n a l  vowel a r r a n g e m e n t .  However ,  t h e  r e s u l t  o f  
t h e  p r e s e n t  s t u d y  i s  c o n g r u e n t  w i t h  t h e  EMG i n v e s t i g a t i o n  on 
E n g l i s h  and American vowels  ( R a p h a e l ,  1 9 7 1 ) .
DLI m u sc l e  a c t i v i t y  f o r  d i p h t h o n g s .
The Thai  d i p h t h o n g s ,  i n  which one component  i s
a f r o n t  vowel were i n v e s t i g a t e d  i n  o r d e r  t o  s t u d y  t h e  a c t i v i t y
o r  t h e  DLI m u sc l e  f o r  t h e  f r o n t  vowel component .
I
Time d i m e n s io n .
Time o n s e t  ( i n  m s e c . )
T a b le  11 DLI a n t i c i p a t i o n  f o r  s p r e a d i n g  g e s t u r e  i n  d i p h t h o n g s  
( f i v e  u t t e r a n c e s )
U U t i  dh
o r d e r
EMG o n s e t  
t o  Ao
r i u vtera.K 































1 9 .6 5
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T a b l e  11 ( c o n t . )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 190 1 240
2 228 2 212
3 210 3 232
?eu 4 230 keu 4 130
5 250 5 302
a v e r a g e 222 a v e r a g e 223
SD 20 .25 SD 5 5 .4 6
1 105 1 166













5 250 5 174
a v e r a g e 174 a y e r a g e  4 191
SD 53 .85 SD 38 .0 5
1 292 1 245
2 182 2 270
3 215 3 188
? i  : a 4 90 ki :a 4 250
5 270 5 290
avc-1 d o t 210 a v e r a g e
SD 7 1 .4 6 SD 3 4 .2 3
1 130 1 93
2 122 2 118
3 ' 205 3 220
? a i 4 149 ka i 4 182
5 130 5 115
a v e r a g e 147 a v e r a g e 146
SD 3 0 .2 3 SD * ~
j cr> o
I l l
T a b le  12 DLI t i m e - l a g  f o r  s p r e a d i n g  g e s t u r e  i n  d i p h t h o n g s .
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 -95 1 -95
2 -50 2 -1 20
3 -85 3 -190
/ 4 -85 / 4 -170
?ui 5 -150 kui 5 -110
a v e r a g e -93 a v e r a g e -137
SD - 3 2 . 3 4 SD - 3 6 . 5 5
1 -240 1 -290
2 -235 2 -2 80
3 -280 3 -3 20
?o:  i 4 -240 ko:  i 4 -250
5 -256 5 -290
a y e r a g e -250 a v e r a g e  4 -286
SD - 1 6 .5 0 SD - 2 2 . 4 5
1 -40 1 -130
2 -70 2 -140
V 3 -50 ✓V 3 *200
?oi 4 -78 koi 4 -140
5 -90 5 -210
-66 a v e r a g e -164
3D - 1 8 . 2 6 SD - 3 3 . 8 2
1 -205 1 -2 40
2 -210 2 -280
3 ' -295 3 “ 300
? v  • j 4 -255 kv i i 4 -225*  .9 •  «
5 -260 5 -230
a v e r a g e -245 a v e r a g e -255
SD - 3 3 .6 1 SD 29 .6 6
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
-  mark  i n d i c a t e s  EMG o n s e t  began a f t e r  Audio o n s e t .
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Comments on T a b l e s  11 and 12.
N o rm a l ly ,  i n  t h e  a r t i c u l a t i o n s  o f  [ I : a  ] ,  [ iu ] ,
[ eu ] ,  [ e u  ] ,  and [ e : u ]  a n t i c i p a t i o n  o f  DLI p r e c e d e s  t h e  
v o i c i n g  o f  t h e  v o w e l s .  Where f r o n t  vowels  a r e  t h e  f i n a l  e l e m e n t s ,  * 
movements o f  DLI, on t h e  o t h e r  h a n d ,  were  d e l a y e d  u n t i l  sometime 
a f t e r  t h e  s t a r t i n g  o f  t h e  a u d i o  s i g n a l .  In  t h e  l a t t e r  c a s e ,  
t h e  movements a l s o  depend on w h e t h e r  t h e  i n i t i a l  vowels  a r e  
o f  t h e  s h o r t  o r  long  t y p e .  I f  t h e  i n i t i a l  e l e m e n t s  a r e  l o n g ,  
f o r  e x a m p le ,  [ o : i ] a n d  [ » : i ] ,  t h e n  t h e  DLI a c t i v i t y  w i l l  be 
even more po s tp o n e d  t h a n  i n  t h e  component s  i n i t i a t e d  w i t h  a 
s h o r t  v ow e l ,  f o r  exam p le ,  [ u i ]  and  [ o i ]  . In  o t h e r  w o r d s ,  t h e  
q u a n t i t y  o f  t h e  i n i t i a l  e l e m e n t  can be c o r r e l a t e d  w i t h  t h e  
movements o f  t h e  f i n a l  e l e m e n t .  G e n e r a l l y ,  a c t i v i t y  o f  t h e  
DLI e le c t r o m y o g ra m  which  e x c e e d s  190 m sec ,  e i t h e r  b e f o r e  ( i n  
c a s e  o f [ i : a ]  add [ e : u ] )  o r  a f t e r  ( i n  c a s e  o f [ o : i ]  a n d [ * : i ]  ) 
t h e  o n s s c  o f  t h e  a c o u s t i c  s i g n a l  seems t o  i n d i c a t e  t h a t  t h e  
f i r s t  e l e m e n t  i s  o f  a lo n g  q u a n t i t y .
The s h o r t  d i p h th o n g  L a i  3 a p p e a r s  t o  be e x c e p t i o n  
t o  t h e  above  i n  t h a t  i n s t e a d  o f  t h e  e x p e c t e d  DLI t i m e - l a g ,  
a s  f o r  [ u i ]  , [ o : i ]  , [ o i ]  , [ * : i ]  e t c . ,  t h a t  d e l a y s  t h e  
o n s e t  o f  s p r e a d i n g  g e s t u r e  in  t h i s  c a s e .
The SD f i g u r e s  i n d i c a t e  h i g h  v a r i a t i o n  i n  I k e u ]  a n d  [ ? i : a ] .  
I t  may due  t o  one r e a s o n  t h a t  i s  t h e  two w o r d s , . a r e  m e a n i n g l e s s  
i n  t h e  p r e s e n t  p r o n u n c i a t i o n  o f  T h a i .
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Time d im ens ion  o f  t h e  DLI m usc le  a c t i v i t y .
D u r a t i o n  ( i n  m s e c . )
Tab le  13 DLI d u r a t i o n  f o r  s p r e a d i n g  g e s t u r e  i n  d i p h t h o n g s ,  
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 163 1 192
2 290 2 230
3 270 \ 3 210
? iu 4 190 k lu 4 290
5 280 5 275
a v e r a g e 239 a v e r a g e 239
SD ~ 51 .8 0 SD 37 .5 0
1 235 1 280
2 210 2 300
3 240 3 300
4 320 4 210?eu 5 290 keu 5 350
a v e r a g e 259 a y e r a g e 288
SD 40.05 SD 4 5 .3 4
i ?30 310r*
c 120 2 285
3 150 3 380
?8U 4 210
" Ti
ke :u 4 387
5 270 5 300
a v e r a g e . 196 a y e r a g e 332
SD 54.25 SD 4 5 .5 5
1 482 1 370
2 400 2 342
3 442 3 390
4 330 ' ~ „ . 4 515?i  :a 5 615 ki :a 5 585
a y e r a g e 454 a v e r a g e 440
/ SD ~ 95 .02 SD 93 .4 4
T a b le  13. ^ c o n t . )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 120 1 240
2 190 2 130
/ 3 170 / 3 100
?ui 4 264 kui 4 110
5 140 5 135
a v e r a g e 177 a v e r a g e 143
SD “ 49 .80 SD ~ 50 .16
1 75 1 95
2 85 2 80
3 115 3 60
4 132 4 150?o:  i 5 80 ko:  i 5 115
a v e r a g e 97 a v e r a g e 100
SD 22.20 SD 30 .8 2
4
1 180 1 105
2 125 2 125





5 140 5 1 6 5 '
a v e r a g e 153 a v e r a g e 123
SD 18 .87 SD 25.41
1 120 1 150
2 115 2 90
3 95 3 110
4 100 4 70
?*: i 5 95 kv:  i 5 180
a v e r a g e 105 a v e r a g e 120
SD 10 .5 0 SD 40
1 115 1 112
2 100 - - 2 190
3 130 3 130
?a i 4 98 kai 4 175
5 135 5 100
a v e r a g e 116 a y e r a g e 141
SD 15 .0 8 SD 35 .2 1
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* Comments on T a b le  13 ..
The a y e r a g e  f i g u r e s  show t h a t  t h e  a y e r a g e d  d u r a t i o n s  
o f  DLI a c t i o n  p o t e n t i a l s  a r e  g r e a t e r  f o r  t h e  i n i t i a l  f r o n t  
vowels  t h a n  f o r  t h e  f i n a l  f r o n t  vowels  i n  d i p h t h o n g s  o f  t h e  
same f u n c t i o n a l  l e n g t h .  In  t h e [  i : a ]  s y l l a b l e  t h e  d u r a t i o n  
o f  t h e  f r o n t  e l e m e n t  i s  more o r  l e s s  i n  t h e  same r a n g e  a s  t h a t
o f  t h e  monophthong [ i : ] .  N e v e r t h e l e s s ,  in  t h e [ e u l  [ e u ]  > [ e : u ]
and [ i u ] t h e  a v e r a g e d  d u r a t i o n s  o f  t h e  i n i t i a l  f r o n t  vowels  
a r e  l e s s  t h a n  t h e i r  monophthongal  c o r r e s p o n d e n c e s .  E v i d e n t l y ,  
t h e  s h o r t e s t  d u r a t i o n  b e lo n g s  t o  t h e  f i n a l  e l e m e n t  o f  [ u 1 ] , [ o : l ]
[ * :  I ]  , [ o i  ]  a n d  [ a i  ]
*
The SD f i g u r e s  o f  t h o s e  d i p h t h o n g s  i n  which  s p r e a d i n g
g e s t u r e  o c c u r s  i n i t i a l l y ,  [ ? i : a ] s [ k i : a ]  , i n d i c a t e  h i g h  v a r i a t i o n .
One r e a s o n  t o  be t a k e n  i n t o  a c c o u n t  due  t o  m e a n i n g l e s s  c h a r a c t e r i s t i c
*
o f  t h e  w ords .
I n t e n s i t y  d im e ns ion  o f  t h e  DLI m usc le  a c t i y i t y .
The com p a r i s o n s  were  made n o t  o n ly  among t h e  f r o n t  
vowels  i n  d i p h t h o n g s  b u t  a l s o  w i t h  t h e  c o r r e s p o n d i n g  m onoph th ongs ,
( s e e  AIC XV-XIX).
Comments on AIC XV-XIX.
The DLI i n t e n s i t y  a c t i v i t y  o f  t h e  i n i t i a l  and t h e  
f i n a l  f r o n t  e l e m e n t s  o f  d i p h t h o n g s  do n o t  d e m o n s t r a t e  t h e  same 
d e g r e e  o f  m u s c u l a r  t e n s i o n .  The t e n s i o n  f o r  t h e  i n i t i a l  j[ 
seems t o  be t h e  g r e a t e s t  w h i l e  t h e  t em p o ra l  t e n s i o n  f o r  t h e  j[
116, -
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e i t h e r  p r e c e d i n g  o r  f o l l o w i n g  as  w e l l  a s  t h e  t e n s i o n  f o r  
t h e  i_ f o l l o w i n g  v_ a p p e a r  t o  be t h e  s m a l l e s t ,  s e e  AIC XV and 
XV II I .  T h i s  phenomenon i s  p r o b a b l y  due t o  t h e  f a c t  t h a t  in  
t h e  f o l l o w i n g  o r  f i n a l  e l e m e n t  r e q u i r e s  r a t h e r  n e u t r a l  
m u s c u l a r  a c t i v a t i o n ,  w h i l e  i n  [ e u ]  , [ e u ]  , [ e : u ]  and [ f u ] 
t h e  f i n a l  e l e m e n t s  do r e q u i r e  g r e a t e r  m u s c u l a r  a c t i v i t y ,  s e e  
AIC XVI and XIX. Th i s  e v i d e n c e  s u g g e s t s  t h a t  t h e  commands 
f rom  t h e  b r a i n  a r e  r a t h e r  t h o s e  o f  s y l l a b l e  n a t u r e  t y p e  t h e  
p h o n e m i c a l l y  s egmenta l  t y p e .
DLI m usc le  a c t i v i t y  f o r  t r i p h t h o n g s .
4
Time d im ens ion  
Time o n s e t  ( i n  m s e c . )
T a b l e  ,14a DLI a n t i c i p a t i o n  f o r  s p r e a d i n g  g e s t u r e  i n  t r i p h t h o n g s ,  
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
PT u t t e r a n c e  
o r d e r
EMG o n s e t  
t o  Ao
1 ’ 23 0 1 202
2 235 2 200
3 1 3 5 ' 3 230
? i a u 4 232 k i a u  4 195
5 175 5 205
a v e r a g e 201 a v e r a g e 207
SD 3 9 .9 7 SD 1 2 . 0 6
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
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T a b le  3,4b^ DLI t i m e - l a g  f o r  s p r e a d i n g  g e s t u r e  i n  t r i p h t h o n g s ,  
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
1 - 2 0 0 1 - 1 6 5
2 - 2 1 0 2 - 2 0 8
? u a i
3 - 2 5 0 ✓s 3 - 2 0 4
4 - 1 7 0 ku a  i 4 - 1 6 4
5 - 1 9 0 5 - 2 0 0
a v e r a g e - 2 0 4 a v e r a g e - 1 8 8 . 2
SD 2 6 . 5 3 SD ' 1 9 . 5 2
1 -  60 1 -  20
2 -  35 2 -  28
3 - 1 6 0 3 - 1 6 5
?uiai 4 - 1 2 8 kiua i 4 - 2 0 0
5 -  70 5 -  30
a v e r a g e -  90 a v e r a g e -  87
SD “ 4 6 . 1 9 SD 7 7 . 5 3
PT = P h o n e t i c  T r a n s c r i p t i o n  
Ao = Audio o n s e t
-  mark i n d i c a t e s  EMG o n s e t  began a f t e r  Audio o n s e t .
CnmmpntL. on T a b l e s  \  fix and 1 4 ^ .
A n t i c i p a t i o n s  f o r  t h e  i_ i n C i a u ] s y l l a b l e s  a r e  o f  t h e  
same t y p e  a s  t h a t  o c c u r r i n g  i n  d i p h t h o n g s  [ 1 : a  ] , [  i u  ] .  In 
[ ua i  Jmovements o f  t h e  DLI a r e  more d e l a y e d  t h a n  in  t h e  d i p h t h o n g ,
[ 0 : i S y l l a b l e .  In  t h e  [ a i  ] t h e  m u s c u l a r  a c t i v i t y  b e g i n s  
e a r l i e r  th a n  i n  t h e  [ u a i  ] .  T h i s  c o r r e s p o n d s  w i t h  p r e v i o u s  
e l e c t r o i n y o g r s p h i c  r e s e a r c h  on sp e ec h  which s u g g e s t e d  t h a t  
a m u sc l e  b e g i n s  t o  a c t i v a t e  a s  soon a s  i t  i s  f r e e  (Lubke r  e t  a l , 1975) .
' ' The SD f i g u r e  o f [ k i u a i ] i s  r a t h e r  h igh  which  i n d i c a t e s  
t h a t  t im e  o n s e t  o f  t h i s  s y l l a b l e  c o n s i d e r a b l y  g r e a t l y  v a r i e s .
T h i s  e v e n t  may due t o  t h e  f a c t  t h a t  t h e  [ k i u a l ] s y l l a b l e  i s  m e a n i n g l e s s .
123
The DLI m usc le  a c t i v i t y  f o r  t h e  t r i p h t h o n g s .
Time Dimension:
D u r a t io n  ( i n  m s e c . )
T a b le  15 DLI d u r a t i o n  f o r  s p r e a d i n g  g e s t u r e  in  t r i p h t h o n g s  
( f i v e  u t t e r a n c e s )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG •
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 300 1 340
2 350 2 365
A 3 325 3 435
? i a u 4 385 k i a u 4 350
5 360 5 390
a v e ra g e 344 a v e r a g e 376
SD 29 .22 SD 33 .9 7
1 120 1 4 90
2 180 2 110
3 205 3 155
4 180 4 180
? u a i 5 145 k u a i 5 165
a v e r a g e 166 a v e r a q e , 140
SD 2 9 ,90 SD 34 .20
i 240 -i 385
r tC 255 2 290
3 170 3 295
? U J 3  i . 4 230 kiuai 4 230
5 266 ” 5 . 280
a v e r a g e . 232- a v e r a g e 296
SD 3 3 .4 5 SD 5 0 .1 4
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Comments on T a b le  15
The d u r a t i o n  o f  DLI a c t i v i t y  in  t h e  i n i t i a l  s p r e a d i n g  i n C i a u }  
i s  some what  between t h a t  o f  t h e  long and t h e  s h o r t  m o n o p h th o n g s ,L i : 3  and 
[ i 3 .  The d u r a t i o n s  o f  t h e  f i n a l  c l o s e  e l e m e n t ,  even though  v a r y i n g ,  
a r e  s h o r t e r  t h a n  t h a t  o f  t h e  s h o r t  f r o n t  m onoph th ongs .  By comparing 
t h e  a v e r a g e d  d u r a t i o n s  o f  t h e  DLI a c t i o n  p o t e n t i a l s  o f  t h e  f r o n t  v o w e l s ,  
t h e  r e s u l t s  can be c a t e g o r i z e d  i n t o  two g r o u p s :  g roup  one i n c l u d e s  f r o n t  
vowels  w i t h  a d u r a t i o n  o f  300 msecs.  upwards .  T h i s  group  i n c l u d e s  both 
long and s h o r t  monophthongs as  we l l  a s  some d i p h t h o n g s  and t r i p h t h o n g  
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I n t e n s i t y  d imens io n  o f  DLI m usc le  a c t i v i t y .
In t h i s  d imens ion  t h e  DLI a v e ra g e d  i n t e g r a t e d  c u r v e s  o f  
t r i p h t h o n g s  c o n t a i n i n g  an e le m e n t  were compared  among t h e m s e l v e s  
and among d i p h t h o n g s ,  ( s e e  AIC XX-XX11)
.Comments oh AIC XX-XXII.
The re  i s  e v id e n c e  from t h e  s y l l a b l e s  p r e c e d e d  by t h e t k  3 
t h a t  t h e  m u s c u l a r  t e n s i o n  f o r  t h e  i n i t i a l  i s  g r e a t e r  t h a n  f o r  t h e  
f i n a l  ; however ,  t h e  e v id e n c e  from t h e  s y l l a b l e s  p r e c e d e d  by t h e [ ?  1 
1s n o t  so c o n v i n c i n g .
When t h e  a v e r a g e d  i n t e g r a t e d  c u r v e s  were compared between 
t h e  t r i p h t h o n g s  and t h e  d i p h t h o n g s : [ ? i a u ] , [ ? i : a 3 ; C ? i a u  ] , [ ? i u 3 ; [ k i a u 3 ,  
C k i u 3 ;  and C k i a u 3 , [ k i : a ] ,  DLI m u s c u l a r  t e n s i o n s  a p p e a r  t o  be  in  t h e
A
f o l l o w i n g  o r d e r ,  from t h e  h i g h e r  t e n s i o n  downwards:C i u H ^ i a u ] ,  and 
C i : a  3 . On t h e  o t h e r  hand ,  t h e  t r i p h t h o n g  i n i t i a t e d  w i t h  ro u n d in g  
g e s t u r e ,  has  t h e  h i g h e s t  t e n s i o n  when c o m p a r i s o n s  o f  t h e  a v e r a g e d   ^
i n t e g r a t e d  c u r v e s  o f  t h e  f i n a l  p h a s e  were  c a r r i e d  o u t .  The m u s c u l a r  
tens ions for thi s ser ies  are: C «a i 3 , C u » 1, C » : i 1 , [  a ' l  frow 
t h e  g r e a t e r  t o  t h e  s m a l l e r  d e g r e e s  r e s p e c t i v e l y .
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THE STUDY OF MENTALIS MUSCLE ACTIVITY
G e n e r a l l y ,  t h i s  m usc le  i s  s a i d  t o  be a s s o c i a t e d  
w i t h  an e v e r t i n g  g e s t u r e  o f  t h e  l o w e r  l i p .  Due, p r e s u m a b ly ,  
t o  i t s  h a v ing  a l e s s  i n t e r e s t i n g  a r t i c u l a t o r y  f u n c t i o n  t h a n  
t h e  two m u s c l e s  d e a l t  w i t h  in  t h e  p r e c e d i n g  c h a p t e r s ,  h a r d l y  * 
any  e l e c t r o m y o g r a p h i c  e v i d e n c e  from t h i s  m usc le  has  been p r e s e n t e d  
and i t  i s  v e r y  r a r e l y  d i s c u s s e d  i n  t h e  l i t e r a t u r e .  In  t h e  
p r e s e n t  work ,  a f t e r  t h e  i n v e s t i g a t i o n  on t h i s  m u sc l e  was a c c o m p l i s h e d ,  
i t  was r e a l i z e d  t h a t  t h e r e  was n o t  o n l y  m u s c u l a r  a c t i v i t y  o f  
t h i s  m u s c l e  a s s o c i a t e d  w i t h  r o u n d in g  g e s t u r e ,  b u t  a l s o  a c t i v i t y  
i n  c o n n e c t i o n  w i t h  s p r e a d i n g  g e s t u r e .  T hus ,  i n  t h i s  c h a p t e r  
sp e e c h  f u n c t i o n  o f  t h e  men ta l  i s  i n c l u d e s  m u s c u l a r  a c t i v i t y  i n
r
bo th  t h e s e  o p p o s i t e  g e s t u r e s .  The a c t i o n  p o t e n t i a l  f i g u r e s  
o c c u r r i n g  i n  t h Q p r o d u c t i o n  o f  monophthongs w i l l  n o r m a l ly  be 
p r e s e n t e d  i n  t h e  same manner  a s  i n  t h e  p r e v i o u s  c h a p t e r s .  For  
t h e  e l e c t r o m y o g r a p h i c  p o t e n t i a l s  o f  d i p h t h o n g s  and t r i p h t h o n g s ,
o n l y  i n t e n s i t y ' d i m e n s i o n  o f  t h e  m usc le  w i t h  be p r e s e n t e d .
No t im e  d im e ns ion  i s  p r e s e n t e d  s i n c e  i n  t h e  e l e c t r o m y o g ra m s  o f
t h e  d i p h t h o n g s  and t r i p h t h o n g s  t h e r e  i s  no c o n v i n c i n g  way t o
e s t a b l i s h  any boundary  be tween t h e  component  e l e m e n t s .  There
a r e ,  n e v e r t h e l e s s ,  d i s c e r n i b l e  c h a r a c t e r i s t i c s  o f  t h e  c e n t a l  i s
e l e c t r o m y o g ra m  which  a p p e a r  t o  d i f f e r e n t i a t e  one component  f rom
a n o t h e r .  These  can  be se en  i n  t h e  t r a c e s  o f  t h e  EMG a c t i o n
p o t e n t i a l s  o f  d i p h t h o n g s  and t r i p h t h o n g s ,  ( p r e s e n t e d  i n  t h e
f i n a l  p a r t  o f  t h e  c h a p t e r ) *
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Mental  i s  m usc le  a c t i v i t y  f o r  m onophthongs .  
Time d i m e n s io n .
Time o n s e t  ( i n  m se c . )
T a b le .16 Mental  i s a n t i c i p a t i o n f o r monophthongs
( f i v e u t t e r a n c e s )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 220 1 210
2 165 2 230
3 200 \ 3 175
? i : 4 120 k i : 4 160
5 238 5 178
a v e r a g e 189 a v e r a g e 190
SD 42 SD « 25 .5 6
1 250 1 135
2 180 2 155
\  o 3 180 N O 3 110
? i 4 165 k i ? 4 220 -
5 203 5 80
a y e r a g e 196 a v e r a g e 140
cn 29 .8 0 SD " * 7 .2 ?
1 200 1 • 135
2 300 2 155
3 124 3 110
/







a v e r a g e 227 a v e r a g e 140
SD 66 .76 SD 4 7 .2 2
1 280 1 220
2 190 2 205
/? 3 105 ✓? 3 187
?e 4 280 ke 4 190
5 285 5 190
a v e r a g e 228 a v e r a g e 198
SD 71 .03 SD 1 2 .5 0
T a b le  16 ( c o n t . )  €------------------
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
PT u t t e r a n c e
o r d e r
EMG o n s e t  
t o  Ao
1 275 1 210
2 160 2 247
A 3 148 \ 3 205
? e : 4 155 k e : 4 215
5 145 5 150
a v e r a g e 177 a v e r a g e 205
SD 4 9 .4 8 SD 31. 35
1 232 1 180
2 190 2 185
3 117 3 155
4 95 ke? 4 200X o 5 195 r\c 5 148
a v e r a g e 166 a v e r a g e 174
SD ~ 5 1 .4 0 SD .« 19. 33
1 260 1 55
2 175 2 75
> / 3 170 s 3 155
? o : 4 152 k o ; 4 < 68
5 185 5 85
a v e r a g e 188 a y e r a g e 88
SB 3 7 .3 6 SD 35, 08
1 250 1 140
2 . 188 2 90
3 205 3 140
4 160 kD? 4 98I d 5 190
r\»J
5 122
a y e r a g e 199 a y e r a g e 118
SD 2 9 .5 2 SD 33. 96
1 200 .. 1 200
2 192 2 189
V 3 200 A 3 155
? o : 4 180 ko: 4 117
5 238 5 120
a v e ra g e 202 a v e r a g e 156
SD 1 9 . 4 3 SD 34. 18
1 300 1 244
2 200 2 2 20
3 315 3 192







a v e r a g e 244 a v e r a q e 207
35SD ' 5 2 .2 8 SD 23.
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Ta b le  16 ’ ( c o n t . )
PT u t t e r a n c e EMG o n s e t PT u t t e r a n c e EMG o n s e t
o r d e r t o  Ao o r d e r t o  Ao
1 245 1 365
2 290 2 170
V 3 180 3 160
? u : 4 160 ku: 4 192
5 250 5 235
a v e r a g e 225 a y e r a g e 224
SD 47 .9 5 SD
•
74 .8 8
1 330 1 304
2 250 2 96
\  O 3 195 V O 3 210
? u ? 4 180 ku 4 200
5 250 5 218
a v e r a g e 241 a v e r a g e 206
SD 52 .7 6 SD 66 .18
Comments on T a b le  l >  ,
The p a t t e r n  o f  t im e  o n s e t  o f  t h e  c e n t a l  i s  e l e c t r o m y o g ra m s ,  
thcu g h  c c c u r r i n q  p r i o r  t o  t h e  a c o u s t i c  o n s e t ,  i s  n o t  q u i t e  t h e  
same a s  t h o s e  o f  t h e  001 and t h e  DLI o n s e t s .  A p p a r e n t l y ,  t h e r e  
i s  no r e g u l a r  p a t t e r n  whereby  t h e  t i m e  o n s e t  o f  t h e  s h o r t  vowels  
i s  e a r l i e r  t h a n  t h a t  o f  t h e  lo n g  o n e s .  E i t h e r  SD f i g u r e s  i n d i c a t e  
no r e g u l a r  p a t t e r n  o f  y a r i a t i o n .  T h a t  i s  h i g h  and low v a r i a t i o n  
o c c u r r e d  i n  t h e  p r o d u c t i o n s  o f  bo th  f r o n t  and back  y o w e l s .
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^M en ta l i s  m u s c l e  a c t i v i t y  f o r  m onophthongs .
Time d im ens ion  
D u r a t i o n  ( i n  msec)
T a b l e  17 Mental  i s  d u r a t i o n  f o r  monophthogns 
( f i v e  u t t e r a n c e )
PT u t t e r a n c e  EMG PT u t t e r a n c e  EMG
o r d e r  d u r a t i o n  o r d e r  d u r a t i o n
1 470 i 518
2 435 2 462
3 490 \ 3 422
4 390 k i : 4 370
5 490 ‘ 5 360
fe ra g e 455 a y e r a g e 426 .
SD 38 .20 SD 58 .7 6
1 345 1 300
2 245 2 255
3 265 3 275
4 280 ' ?ki 4 294,5 325 5 290
a v e r a g e  . 292 a y e r a g e 283
Sn 3 7 .3 6 SD 1 6 . 1 6
1 440 1 380
2 505 2 480
3 410 ✓ 3 350
? e : 4 , 450 ke: A 425
5 525 5 327
a v e r a g e 466 a v e r a g e 392
SD 42 .5 9 SD 54 .70
1 450 1 315
2 290 2 340
3 250 3 310
4 • 390 4 285
5 385 ke 5 260
a v e r a g e 353 a v e r a g e 302
SD 72 .6 3 SD 27.31
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T a b le  17 ,_  ( c o n t . )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 530 1 440
2 390 2 465
a. 3 425 ✓V 3 425
? e : 4 460 k e : 4 490
5 375 5 450
a v e r a g e 436 a v e r a g e 454
SD 5 5 .4 4 SD ~ 22 .2 2
1 350 1 300
2 290 2 310
3 244 3 245
?e 4 265 ' ?ke 4 280
5 315 5 260
a v e r a g e 293 a v e r a g e 279
SD 37 .22 SD ~ * 24 .16
1 485 1 380
2 400 2 350
3 357 N 3 350
? o : 4 380 k o : 4 300 *■
5 430 5 250
a v e r a g e 410 a v e r a g e 326
SD 44 .3 4 sn 45 .87
1 380 1 * 125
2 270 2 210
3 250 3 250
N ?
?o 4 • 250 k; ? 4 165
5 245 5 280
a v e r a g e 279 a v e r a g e 206
SD 5 1 .2 2 SD 55 .9 8
1 585 1 450
2 510 2 417
\ 3 475 A 3 465
? o : 4 465 ko: 4 455
5 500 5 420
a v e r a g e 507 a v e r a g e 441
SD 4 2 .2 6 SD 17 .6 5
1 400 1 438
2 330 2 370
?o 3 520 ko 3 330
4 300 4 280
5 330 5 310
a v e r a g e 376 a v e r a g e 346
SD 7 9 .1 4 SD 49.91
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T a b le  17 . ( c o n t . )
PT u t t e r a n c e EMG PT u t t e r a n c e EMG
o r d e r d u r a t i o n o r d e r d u r a t i o n
1 505 1 437
2 415 2 235
N O 3 360 \  O 3 340
? u ? 4 370 ku 4 405
5 380 5 356
a v e r a g e 406 a v e r a g e 356
SD ~ 52 .85 SD 6 3 .0 8
1 520 1 630
2 615 2 430
\ 3 420 3 475
? U ; 4 445 ku: 4 495
5 540 5 360
a v e r a g e 508 a v e r a g e 480
SD ~ 69 .75 SD 4 63 .0 8
Comments on Ta b le  3 7 .
The re  i s  a s  w i t h  t h e  o t h e r  m u s c l e s  e v i d e n c e  t h a t  t h e  
l e n g t h  o f  EMC dCtior ,  p o t e n t i a l s  f o r  a long  vowel i s  n o t  t w i c e  
t h a t  o f  a s h o r t  one .  G e n e r a l l y ,  t h e  d u r a t i o n s  o f  t h e  s y l l a b l e s  
p r e c e d e d  by t h e  [ ? ]  seems t o  be l o n g e r  t h a n  t h o s e  o f  t h e -  
s y l l a b l e s  p r e c e d e d  by t h e  [ k ]  . The d u r a t i o n a l  f i g u r e s ,
however ,  a r e  in  r e v e r s e d  o r d e r  i n  t h e  c a s e  o f  [ ? e :  l a n d  [ke*. ] 
s y l l a b l e s .  The SD f i g u r e s  do n o t  c l e a r l y  i n d i c a t e  any p a r t i c u l a r  
c h a r a c t e r i s t i c  o f  v a r i a t i o n .  There  a r e ,  i n  g e n e r a l  h ig h  and low 
v a r i a t i o n s  o c c u r r e d  in  f r o n t  a s  w e l l  a s  i n  back  v o w e l s .  Never ­
t h e l e s s ,  t h e r e  i s  a t e n d e n c y  o f  h i g h e r  v a r i a t i o n  among t h e  
■ a r t i c u l a t i o n  o f  [ ? ]  t h a n  t h e  r e s t .
t
.136
The menta l  i s  m usc le  a c t i v i t y  f o r  monophthongs .
I n t e n s i t y  d i m e n s io n ,  ( s e e  AIC XXIII-XXVII)
Comments on AIC XXIII-XXVII
There  i s  u n e x p e c t e d  e v i d e n c e  t h a t  t h e  t e m p o r a l  m u s c u l a r  
t e n s i o n  f o r  r o u n d in g  g e s t u r e  i s  m a rk e d ly  l e s s  a c t i v e  i n  t h e  s y l l a b l e s  
p r e c e d e d  by [L] ,-  ( s e e  AIC XXIV, XXVI and XXVII).  T h i s  c h a r a c t e r i s t i c  
c o n s i s t e n t l y  a p p e a r s  t h r o u g h o u t  t h e  s e r i e s  p r e c e d e d  by t h e  [ k ] .
T h i s  e v e n t  may s i g n i f y  t h a t  t h e  n a t u r e  o f  m o to r  command i s  n o t  
i n  t h e  t r a d i t i o n a l  form o f  phonemical  s t r i n g .  For  t h o s e  s y l l a b l e s  
- p r e c e d e d  by t h e  [ ? ]  t h e  a c t i v i t y  f o r  t h e  rounded  vowels  i s  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  f o r  t h e  un rounded  o n e s .  The 
i n t e g r a t e d  c u r v e s  i n d i c a t i n g  r o u n d in g  g e s t u r e  a l l  have r e l a t i v e l y  
t h e  same c h a r a c t e r i s t i c ,  t h a t  i s  s h a r p  r i s i n g  f o l l o w e d  by 
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The m e n t a l i s  m u sc l e  a c t i v i t y  f o r  t h e  d i p h t h o n g s .
( o n ly  i n t e n s i t y  d im e ns ion  i s  p r e s e n t e d )
I n t e n s i t y  d im ens ion  (AIC XXVIII-XXX).
Comments on AIC XXVIII-XXX
In d i p h t h o n g a l  u t t e r a n c e s  t h e  m u s c l e  i s  a c t i v e ,  though
u n e q u a l l y ,  f o r  b o th  t h e  f r o n t  and t h e  back v o w e l s .  From t h e  t r a c e s  o f
a v e r a g e d  c u r v e s ,  t h e r e  a r e  i n d i c a t i o n s  c o n f i r m i n g  t h a t  t h e  m u sc l e  i s
more e n e r g e t i c  f o r  t h e  i n i t i a l  r o u n d in g  p r e c e d e d  b y C ? l t h a n  f o r  t h e
i n i t i a l  ro u n d in g  p r e c e d e d  b y r  k j .  When r o u n d in g  g e s t u r e  o c c u r s  in
t h e  f i n a l  p o s i t i o n ,  in e i t h e r  s y l l a b l e s  p r e c e d e d  by t h e  [ ? 3 o r  by
t h e  C k 3 ,  t h e  m u sc l e  seems t o  be e q u a l l y  a c t i v e .  There  i s  a l s o
e v i d e n c e  t h a t  t h e  m u s c u l a r  programming a c t i v i t y  seems t o  be c o n t e x t u a l l y
d e p e n d e n t ,  f o r  i n s t a n c e ,  in t h e  c a s e  o f  C ? u a  3 , C ? a u  3 a s  c o m p a r e d
w i t h  [ ? i u ] , C ? u " i  3 • . In t h e  f i r s t  p a i r ,  i . e .  [ ? u a ] , [  ? a u  3 ,
t h e  m u sc l e  i s  a c t i v e  f o r  t h e  i n i t i a l  r o u n d in g  component .  In t h e
l a t t e r  p a i r ,  i . e . C ? i u  3 ,  [?u*i ]  , t h e  m u s c l e  i s  b a s i c a l l y  a c t i v e
f o r  b o t h  components  o f  each  d i p h t h o n g ,  and i s  a c t u a l l y  more a c t i v e
f o r  t h e  r o u n d in g  e l e m e n t  in each  c a s e .  The re  i s  a s i m i l a r  s h a r p  r i s e
in  a c t i v i t y  f o l l o w i n g  t h e  f r o n t  s p r e a d i n g  g e s t u r e  in C ?eu 3 andC ?eu  3 ,
/•
whereas  t h e  r i s e  i s  l e s s  marked f o l l o w i n g  t h e  r o u n d in g  g e s t u r e  i n [ ? u i ] .
i \ C  _ /  II;
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Mental  i s  m usc le  a c t i v i t y  f o r  t r i p h t h o n g s .
( o n l y  i n t e n s i t y  d im ens ion  i s  p r e s e n t e d )
I n t e n s i t y  d i m e n s io n .  (AIC XXXI-XXXII)
Comments on AIC XXXI-XXXII.
From t h e  a v e r a g e d  i n t e g r a t e d  c u r v e s ,  i t  i s  d e m o n s t r a t e d  
t h a t  t h e  m usc le  i s  more a c t i v e  f o r  t h e  r o u n d in g  g e s t u r e  t h a n  f o r  
t h e  s p r e a d i n g  g e s t u r e .  In a d d i t i o n ,  t h e  t e n s i o n  f o r  s p r e a d i n g  
p o s t u r e s  in  d i f f e r e n t  c o n t e x t s  and p o s i t i o n s  i s  i n c o n s i s t e n t .  I t  
a p p e a r s  t h a t  h igh  m u s c u l a r  a c t i v i t y  o c c u r s  i n  t h e  s y l l a b l e s  o f  
[ ! a u  ] and [ u a !  ] i n  which c o n t r a s t  g e s t u r e s  a r e  t o  be p e r f o r m e d ,  
w he re as  in  [ i u a l ]  t h e r e  i s  no c o n t r a s t  g e s t u r e  needed  so t h a t
i
t h e  m u s c u l a r  a c t i o n  lo o k s  r a t h e r  low.
Com para t ive  s t u d y  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  m en ta l  i s
*
e l e c t r o m y o g r a p h i c  p o t e n t i a l s .
Q,->r> can.,jT& rmg o f  s e l e c t e d  u r I 'p r a i ' c e s  ^ s j>res^nt*-d ir. 
o r d e r  t o  d e m o n s t r a t e  t h e  EMG p o t e n t i a l  phenomena o f  t h e  m en ta l  i s  
m u sc l e  f o r  s p r e a d i n g  and r o u n d in g  g e s t u r e  ( s e e  EMG XXVI-XL). 
Comments on EMG XXVI-XL.
A p p a r e n t l y ,  t h e  e l e c t r o m y o g r a p h i c  p o t e n t i a l s  o f  s p r e a d i n g
/
g e s t u r e s  a r e  r a t h e r  l e s s  i n  d e n s i t y  t h a n  t h o s e  o f  t h e  r o u n d i n g s .
I t  seem s ,  p e r h a p s ,  t h a t  t h e  s p r e a d i n g  g e s t u r e  p o t e n t i a l s  a r e  t h e  
r e s u l t  o f  a n t a g o n i s t i c  r e a c t i o n  o f  t h e  m en ta l  i s  toward  t h e  DLI 
m u s c l e  w h i l e  p e r f o r m i n g  s p r e a d i n g  g e s t u r e s .  In  c o n t r a s t ,  t h e  
r o u n d in g  g e s t u r e  p o t e n t i a l s  seem t o  be t h e  r e s u l t  o f  a d i r e c t  m o to r  
command t o  t h e  men ta l  i s  m u s c l e  t o  p e r f o r m  t h e  r o u n d i n g  g e s t u r e s .  
These  d i s t i n c t i v e  m u s c u l a r  a c t i v i t  i e s  a r e  n o t  o n l y  o b s e r v a b l e  in  
t h e  monophthongal  u t t e r a n c e s ,  b u t  a l s o  i n  t h e  u t t e r a n c e s  o f  
d i p h t h o n g s  and t r i p h t h o n g s .




? i a . u \ n
? i * a i
149
E m a  x x v l
AS
IC.
~ * ^ p > "“ I'^ iliiiP '
. ] ! * . . !  ;
| |  i. , il j • i . 11 _ i i.


















EMO • k i +**>*+>*+r *++i
152
e m &  x x i x
A S--------
» j+*'+** w +* i
IC • n/Na y*>-















2 1 ?i n





















•Li i I *
' 1
156








x x x > v








ElUGi X X X V I
i *• 1 •! \
+** ***
(a)
•V,*’ ’ !lr ;, i«ur *•'■ •• „>
r t i  i ' l l !BMO.
IC.
■ • • • . , ! " VV
e  u
( a )






EfllGi XXXVI I I
AS —
* ■• ij ■ S ' 5 , '













In g i y i n g  m u s c u l a r  a c t i v i t y  d e s c r i p t i o n s  o f  s p e e c h ,  
i t  would b e ,  i n  f a c t ,  more a p p r o p r i a t e  t o  c o n s i d e r  »m u s c l e  
s y s te m  a s  a w ho le .  E x c lu d in g  t h e  m o to r  command l e y e l ,  s p e e c h  
i s  t h e  r e s u l t  o f  a s e t  o f  m u s c l e s  w o rk in g  s i m u l t a n e o u s l y  o y e r  
a p e r i o d  o f  t i m e .  As Hocket  (1960 :  39)  m e n t i o n e d  " S p e a k in g  
i s  a t em p o ra l  p r o c e s s ,  a s u c c e s s i o n  o f  a r t i c u l a t o r y  e v e n t s  
i n  t i m e ,  and any s t a t i c  s u r y e y  o f  t h e  s p e e c h  t r a c t  m i s s e s  
many s i g n i f i c a n t  c o n t r a s t s  which a p p e a r  o n l y  by y i r t u e  o f  t h e  
a r r a n g e m e n t  o f  e v e n t s  i n  t i m e . "
At t h e  p r e s e n t ,  e l e c t r o m y o g r a p h i c  i n v e s t i g a t i o n  
p r o v i d e s  t h e  a y a i l a b l e  t e c h n i q u e  by wh ich  t h e  dynamic  c o o r d i n a t i o n s  
o f  m u s c l e s  f o r  s p e e c h  f u n c t i o n  ca n  be o b s e r y e d .  C o n s e q u e n t l y ,  
t> .° p r e s e n t  s t u d y  o f  m u s c u l a r  c o o r d i n a t i o n  has  been  c o n c e n t r a t e d  
on t h e  t i m i n g  d i m e n s io n  o f  t h e  m u s c u l a r  i n t e g r a t e d  c u r y e s .
To be a b l e  t o  s t u d y  t h e  m u s c u l a r  a c t i v i t y  a lo n g  t h e  t im e  a x i s ,  
t h e  o n s e t  o f  t h e  a c o u s t i c  s i g n a l  was employed as  t h e  l i n e - u p  
p o i n t .
I t  m u s t  be s t a t e d ,  a s  a m a t t e r  o f  f a c t ,  t h a t  t h e  f o r c e  
o f  c o n t r a c t i o n  o f  e a ch  m u sc l e  i s  an u n r e l i a b l e  b a s i s  f o r  a com­
p a r a t i v e  s t u d y .  The a c t u a l  r e l a t i o n s h i p  be tw een  t h e  e l e c t r o i n y o g r a p h i c  
p o t e n t i a l s  and t h e  f o r c e  o f  c o n t r a c t i o n  s t i l l  n e e d s  more i n ­
v e s t i g a t i o n ,  s i n c e  t h e  phenomena i n v o l v e d  i n  t h e  c o n t r a c t i o n  o f  
m u s c l e  a r e  s t i l l  i m p e r f e c t l y  u n d e r s t o o d .  F o r  e x a m p l e ,  a smal l  
i n c r e a s e  o f  e l e c t r i c a l  a c t i v i t y  i n  one m u s c l e  may r e p r e s e n t  a l a r g e
165
p a r t  o f  i t s  c a p a c i t y  f o r  c o n t r a c t i o n ,  w he re as  i n  a n o t h e r  m usc le  
i t  may r e p r e s e n t  o n l y  a small  p o r t i o n .  A l t h o u g h ,  t h e  l a r g e  m oto r  
u n i t  t e n d s  t o  p roduce  t h e  l a r g e  p o t e n t i a l  t h e r e  i s ,  n e v e r t h e l e s s ,  
a f a c t o r  c o n n e c t e d  w i t h  t h e  d i s t a n c e  o f  t h e  m o t o r  u n i t s  f rom 
t h e  e l e c t r o d e s ,  ( B asm a j ian  1974:  1 5 ) .  In  o t h e r  w o r d s ,  v a l i d  
c o m p a r i s o n s  among m u s c l e s  s t i l l  r e q u i r e  r a t h e r  p r e c i s e  knowledge 
o f  t h e  r e l a t i o n s h i p  between t h e  l e v e l  o f  a c t i v i t y  and m u s c u l a r  
a c t i o n  p o t e n t i a l s  o r  e l e c t r o m y o g r a p h i c  p o t e n t i a l s  o f  each  m u s c l e .
C o o r d i n a t i o n  i n  monoph thongs .
F r o n t  un rounded  v o w e l s .  The d a t a  a r e  o f  t h e  f i y e  u t t e r a n c e s  o f
A
f r o n t  un rounded  [ i : . ,  ! * e:  , e , e :  , e ] p r e c e d e d  by
a n d [ k  ] . In  t h e  f o l l o w i n g  p r e s e n t a t i o n  e a c h  i n t e g r a t e d  c u r v e  (IC)
i s  t h e  r e p r e s e n t a t i o n  o f  each  m u sc l e  a c t i v a t i n g  f o r  e a ch  u t t e r a n c e .
M, DLI,  and 001 s t a n d  f o r m e n t a l i s ,  d e p r e s s o r  l a b i i  i n f e r i o r i s  
<r.d o r t i s . u a I r i s  u r i s  I n f e r i o r i s ,  r e s p e c t i v e l y .  The p r e s e n t a t i o n  
r e v e a l s  t h e  t i m e  d im e ns ion  ( i n  m s e c . )  o f  m u s c u l a r  c o o r d i n a t i o n s  
among t h e  t h r e e  m u s c l e s  ( s e e  IC I - X I I ) .
Comments on IC I - X I I .
In t e rm s  o f  t i m i n g ,  t h e  r e l a t i o n s h i p  be tw een  t h e
o c c u r r e n c e  o f  t h e  h i g h  peaks and t h e  o n s e t  o f  t h e  a c o u s t i c  s i g n a l ,
e x c e p t  i n  t h e  u t t e r n a c e s  o f  t h e  [ e l  , seems t o  have  a c o n s i s t e n t
c h a r a c t e r i s t i c .  T h a t  i s ,  i n  t h e  long  v o c a l i c  u t t e r a n c e s  t h e
h igh  peaks  t e n d  t o  o c c u r  a f t e r  t h e  a c o u s t i c  o n s e t .  Ori t h e  c o n t r a r y ,
in  t h e  s h o r t  v o c a l i c  u t t e r a n c e s  t h e  h i ^ h  pe a ks  t e n d  t o  a p p e a r
b e f o r e  t h e  o n s e t  o f  t h e  a c o u s t i c  s i g n a l .  F o r  t h e  Ce]  t h e  o c c u r r e n c e
C <= ©wty 3
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o f  t h e  h ig h  peaks  i n  r e l a t i o n s h i p  w i t h  t h e  a c o u s t i c  o n s e t  seemed 
t o  be i r r e g u l a r .  The i r r e g u l a r i t y  o f  t h e  m u s c u a l r  a c t i o n  f o r  
t h e [ e ]  u t t e r a n c e s  may be due t o  t h e  weak m u s c l e  t e n s i o n  which 
p r o b a b l y  i m p l i e s  t h a t  t h e  a r t i c u l a t i o n  f o r  t h i s  vowel was t h e  
m os t  l a x  among t h e ' s e r i e s  [ i t e , e j  .
In a d d i t i o n ,  t h e  DLI peaks  a lw ays  o c c u r r e d  p r i o r  t o  
t h e  m en ta l  i s  p e a k s .  T h i s  e v i d e n c e  c o r r e s p o n d s  w i t h  t h e  p r e v i o u s  
e l e c t r o m y o g r a p h i c  r e p o r t s  t h a t  t h e  two m u s c l e s  f u n c t i o n  a s  an 
a n t a g o n i s t i c  p a i r  (Ohman, Le a nde r son  and P e r s s o n  1966 :  6;  
Leanderson  and Lindblom 1972:  3 6 9 ) .  The t e r m i n a t i o n  o f  t h e  
v o c a l i c  u t t e r a n c e s  u n d e r  i n v e s t i g a t i o n  had a c h a r a c t e r i s t i c  o f  
c o n s i s t e n c y  a s  w e l l .  T ha t  i s ,  i n  t h e  a r t i c u l a t i o n s  o f  long  
vowels  t h e  m u s c u l a r  p o t e n t i a l s  ended b e f o r e  t h e  e n d in g  o f  t h e  
a c o u s t i c  s i g n a l  w he re as  i n  t h e  s h o r t  a r t i c u l a t i o n s  t h e  m u s c u l a r  
a c t i v i t y  ended a f t e r  t h e  a c o u s t i c  s i g n a l .  T h i s  phenomenon 
p r o b a b l y  i n d i c a t e s  t h a t  t h e  l o n g - s h o r t  p a t t e r n  i s  b a s ed  upon 
a c o u s t i c a l  and p e r c e p t u a l  f e a t u r e s  r a t h e r  t h a n  upon any m u s c u l a r  
d i s t i n c t i o n  be tween  long  and s h o r t  c o u n t e r p a r t s .  In  o t h e r  w ords ,  
i t  a p p e a r s  t h a t  t h e  n e u r a l  commands t o  t h e  l i p  m u s c l e s  do n o t  
o p e r a t e  in  p a r a l l e l  w i t h  t h e  commands f o r  v o i c i n g .
Back rounded  v o w e l s ,  [ u :  , u ,  o : ,  o ,  o : ,  o ]
The a n a l y s i s  was  b a s e d  on  t h e  t i m e  d i m e n s i o n  i n  r e l a t i o n  
w i t h  t h e  o c c u r r e n c e  o f  t h e  m u s c u l a r  t e n s i o n s  o f  t h e  h ig h  p e ^ ks .  
( s e e  IC XIII-XXIV)
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Comments on IC XIII-XXIV
I t  i s  seen t h a t  in  t h e  s y l l a b l e s  p r e c e d e d  by C ? 3 thee 
m enta l  i s  a c t i o n  p o t e n t i a l s  r e a c h e d  t h e i r  peak e a r l i e r  th a n  t h e  0 0 1 , 
whe reas  in  t h e  s y l l a b l e s  p r e c e d e d  by E k ]  t h e  m e n t a l i s  a c t i o n  p o t e n t i a l  
h a r d l y  o c c u r r e d .  When a compar ison  between t h e  two t y p e s  o f  s y l l a b i f i c a ­
t i o n  was made t h e r e  was a d i s t i n c t i o n  in  t h a t  t h e  0 0 1  i n t e g r a t e d  c u rv e s  
o f  t h e  s y l l a b l e s  p r e c e d e d  by t h e f ? ] r o s e  a b r u p t l y ,  b u t  in  t h e £ k  3 
s y l l a b l e s  t h e  c u r v e s  r o s e  g r a d u a l l y .  T h i s  s i g n i f i c a n t  e v i d e n c e  may 
be i n t e r p r e t e d  i n t o  two p o s s i b i l i t i e s .  One i s  t h a t ,  t h e  e v id e n c e  
p r o b a b l y  i m p l i e s  t h a t  t h e  m e n t a l i s  m u s c l e  was f u n c t i o n i n g  as  an i n i t i a t o r  
in  t h e  a b r u p t  c o n t r a c t i o n  o f  t h e  001 .  A n o t h e r  may be e x p l a i n e d  t h a t  
f o r  t h e C ? 3 s y l l a b l e  t h e r e  i s  o n l y  one g e s t u r e  o c c u r r i n g  in  t h e  o r a l  c a v i t y ,  
w he reas  f o r  t h e E  k 3 s y l l a b l e  t h e r e  a r e  two g e s t u r e s .  A c c o r d i n g l y ,  t h e  
m o to r  command,for  t h e [  ? ] s y l l a b l e , t o  t h e  m e n t a l i s  p r e s u m a b ly  i s  n o t  b l o c k e d ,  
w h i l e  t h e  command,f o r  t h e E  k ] s y l l a b l e , t o  t h e  m e n t a l i s  i s  b l o c k e d . -
Moreover ,  t h e  m e n t a l i s  was more a c t i v e  f o r  t h e  u t t e r a n c e s  o f  
c l o s e  rounded  vowels  t h a n  f o r  t h e  open o n e s .  S i n c e  i t  i s  g e n e r a l l y  
known t h a t  t h e  Dll m usc le  i s  a n t a g o n i s t i c a l l y  p a i r e d  w i t h  t h e  m e n t a l i s ,  
in r o u n d in g  g e s t u r e s  t h e  D l l  a c t i o n  p o t e n t i a l s  a r e  s e e n  t o  be o c c u r r i n g  
in  p a r a l l e l  w i t h  t h e  m e n t a l i s .  T h e re  a r e  a l s o  t h e  same phenomena,  as  
f a r  a s  t h e  o c c u r r e n c e  o f  h igh  m u s c u l a r  t e n s i o n  i s  c o n c e r n e d ,  in  t h a t  t h e  
h ig h  peaks  o f  i n t e g r a t e d  c u r v e s  a p p e a r e d  p r i o r  t o  t h e  a c o u s t i c  s i g n a l  
in  t h e  c a s e  o f  t h e  s h o r t  v o c a l i c  a r t i c u l a t i o n s  and p o s t e r i o r l y  f o r  t h e  
long  v o c a l i c  o n e s .  A d d i t i o n a l l y ,  t h e  EMG a c t i o n  p o t e n t i a l s  o f  t h e  long  
v o c a l i c  a r t i c u l a t i o n s  end b e f o r e  t h e  t e r m i n a t i o n  o f  t h e  a c o u s t i c  s i g n a l ,  
w he re as  in  t h e  s h o r t  v o c a l i c  u t t e r a n c e s  t h e  a c t i o n  p o t e n t i a l s  end a f t e r  
t h e  a c o u s t i c  a c t i v i t y ;  t h e  same t y p e  o f  e v i d e n c e  i s  found  in  t h e  
p r o d u c t i o n  o f  t h e  f r o n t  unrounded vow e l s .
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In a d d i t i o n ,  f rom IC XIII-XXIV DLI a c t i v i t y  a l s o  o c c u r r e d  
f o r  r o u n d i n g .  Accord ing  t o  Hadding e t  a l .  ( 1 9 7 0 ,  1976) DLI a c t i v i t y  
was found  f o r  r o u n d i n g ,  t i g h t  c l o s u r e  o f  t h e  l i p s  a n d / o r  e x t r e a m e  
p r o t r u s i o n .  I t  was s u g g e s t e d  t h a t  t h e  DLI m u s c l e  i s  a c t i v e . f o r  r o und ing  
i n  s u p p o r t i n g  t h e  s o f t  t i s s u e s  a ro u n d  t h e  001 ,  o r  DLI a c t i v i t y  may 
r e p r e s e n t  c o - c o n t r a c t i o n .  However ,  t h e  DLI a c t i v i t y  in t h e  p r e s e n t  
d a t a  ( IC XIII-XXIV) o n l y  o c c u r r e d  in  p a r a l e l l  v/ i th  t h e  m e n t a l i s  m usc le  
a c t i v i t y .  The e v id e n c e  s u p p o r t s  t h e  s u g g e s t i o n ,  Ohman e t  a l .  ( 1 9 6 6 ) ,  
Kennady and Abb ( 1 9 7 5 ) ,  t h a t  t h e  DLI f u n c t i o n s  a n t a g o n i s t i c a l l y  t o  
t h e  m en ta l  i s .
Unrounded vowels  [ a : , a , u j :  ,  u j  ,  y: , y ]
Accord ing  t o  t r a d i t i o n a l  c l a s s i f i c a t i o n s ,  t h i s  g roup  o f  
vowels  i s  c a t e g o r i z e d  a s  c e n t r a l  vowels  (H a a s ,  1956) o r  a s  back c e n t r a l  
vowels  (Anthony ,  French  and W a r o t a m a s i k k h a d i t ,  1 9 6 8 ) .  However ,  f rom 
t h e  e l e c t ro m y o g ra m s  o f  t h e  [ a :  , a ]  t h e r e  i s  e v i d e n c e  o f  DLI a c t i o n '  
p o t e n t i a l s ,  whereas  t h e r e  i s  a l m o s t  none  in  t h e  a r t i c u l a t i o n s  f o r  
t h e  [ u j : ,  u j  ] and t h e  [ y : ,  y  .] T h i s  s u g g e s t s  t h a t  [ a : ,  a I sh o u ld  
n o t  be c l a s s e d  a long  w i t h  [ u j : ,  u j  , y : ,  y ] .  The DLI i n t e g r a t e d  c u r v e  
e v i d e n c e  a p p e a r s  t o  s u g g e s t  tha t . [  a : ,  a ] s h o u ld  be c a t e g o r i z e d  w i th  
t h e  f r o n t  vowel g roup .  Meanwhile  t h e  i n t e g r a t e d  c u r v e s  o f  [ u j : ,  u j  ,  y : ,  y  ] 
seem t o  s u g g e s t  t h a t  t h i s  group o f  vowels  s h o u l d  be g rouped  as  n e u t r a l  
v o w e l s ,  i . e .  n o n - f r o n t  and n o n - b a c k - ( s e e  IC XXV-XXXVI).
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C o o r d i n a t i o n  in  d i p h th o n g s
The d a t a  p r e s e n t a t i o n  was a r r a n g e d  a c c o r d i n g  t o  
t h e  l a b i a l  g e s t u r e s .  On t h e  b a s i s  o f  t h e  g e s t u r e s ,  d i p h t h o n g s  
a r e  c a t e g o r i c a l l y  p r e s e n t e d  i n  two g r o u p s :  one w i t h  l i p - s p r e a d  
e n d i n g :  [ u i , o : l  , oi  , u a ] ,  t h e  o t h e r  w i t h  l i p - r o u n d  e n d i n g : ’
[ i u  , e u  , eu , e : u  , a u ] .  ( s e e  IC XXXVII - L I I )
Comments on IC XXXVII - L I I .
In t h e  s p r e a d  end in g  g r o u p ,  I  u! , o : I  , o i  , ua ] 
t h e r e  were m u s c u l a r  p o t e n t i a l s  which i n d i c a t e d  t h a t  t h e  s o - c a l l e d  
" p r e s p e e c h  a c t i v i t y "  o f  t h e  DLI s t a r t e d  d u r i n g  t h e  001 a c t i v i t y .  
The m en ta l  i s  was v e r y  a c t i v e  i n  bo th  t h e  s p r e a d  and round  g e s t u r e s  
b u t  t h i s  a c t i v i t y  a p p e a r s  t o  d i f f e r  s i g n i f i c a n t l y  i n  r e l a t i o n  
t o  t h e  o n s e t  o f  t h e  a c t i v i t y  o f  t h e  DLI and t h e  001.  T h a t  i s ,  
in  t h e  c a s e  o f  s p r e a d  g e s t u r i n g ,  t h e  m e n ta l  i s  m u s c l e  was a c t i v a t e d  
e i t h e r  a t  t h e  same t im e  as  t h e  DLI o r  s l i g h t l y  d e l a y e d .  On t h e  
cun e ra  r y . '*>•. round  g e s t u r i n g  where c o n t r a c t i o n  is  lv-cjuirod
t h e  m en ta l  i s  r e a c h e d  t h e  peak e a r l i e r  t h a n  t h e  001 d i d .
In t h e  round end in g  g r o u p ,  t h e  p r e s p e e c h  a c t i v i t y  
o f  t h e  001 a l s o  s t a r t e d  d u r i n g  t h e  DLI a c t i y a t i o n .  In  s h o r t ,  
t h e  m u s c u l a r  c o o r d i n a t i o n s  i n  d i p h t h o n g s  a p p e a r  t o  be i n  a t im e  
o v e r l a p p i n g  p a t t e r n .
T he re  i s  a l s o  e v i d e n c e  t h a t  t h e  m u s c u l a r  a c t i y i t y  
ended b e f o r e  t h e  a c o u s t i c  s i g n a l .  T h i s  t y p e  o f  t e r m i n a t i o n  
i s  s i m i l a r  t o  t h a t  o f  t h e  long  monophthongs .
>'■ / / 1 • 
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C o o r d i n a t i o n  in  t r i p h t h o n g s ,  [ u a l ,  ! a u 4 iua l ]
( s e e .1C L I I I —LV II I)
Comments on IC L I I I - L V I I I .
By comparing  t h e  i n t e g r a t e d  c u r v e s  be tween  t h e  
s y l l a b l e  p r e c e d e d  by [ ? ]  and t h o s e  p r e c e d e d  by £ k j  i t  can  
be seen  t h e r e  was a d i s t i n c t i o n  o f  m u s c u l a r  a c t i v i t y  o c c u r r i n g  .
In  [ ? u a f ]  t h e  DLI m usc le  seemed t o  b e h a v e ,  f i r s t ,  a n t a g o n i s ­
t i c a l l y  w i t h  t h e  m e n t a l i s ,  which  was i n i t i a l l y  s h a r p l y  a c t i v a t e d ,  
t h e n  t h e  DLI a c t i v i t y  d ropped  t o  t h e  p r e s p e e c h  l e v e l  w h i l e  t h e  
001 m usc le  was p e r f o r m i n g  t h e  r o u n d in g  g e s t u r e .  On t h e  o t h e r  
hand ,  i n  [ k u a i ]  t h e  DLI d i d  n o t  have a n t a g o n i s t i c  a c t i o n  
b e c a u s e  t h e  m e n t a l i s  m usc le  was n o t  i n i t i a l l y  a c t i v a t e d * a s  in  
[ ? u a i ]  . Thus ,  i n  t h e  s y l l a b l e  p r e c e d e d  by I k ]  t h e r e  was 
o n l y  t h e  p r e s p e e c h  a c t i v i t y  which  s t a r t e d  e a r l y  d u r i n g  t h e  001 
a c t i v a t i o n .
Jr. [ ? « a u ] a n d  [ k i a u ] t h e  p a t t e r n  o f  m u s c u l a r  a c t i o n  
p o t e n t i a l s  was r e l a t i v e l y  t h e  same ( s e e  IC L I I I  and LVI) .  T h a t  
i s ,  t h e r e  was an o c c u r r e n c e  o f  t h e  001 p r e s p e e c h  a c t i v i t y  d u r i n g  
t h e  DLI a c t i o n .  Then’ t h e  m e n t a l i s  m u s c l e  was s t r o n g l y  a c t i v a t e d  
f o r  t h e  f i n a l  r o u n d in g  g e s t u r e .  The m e n t a l i s  a c t i v i t y  was 
f o l l o w e d  by a n t a g o n i s t i c  a c t i o n  from t h e  DLI m u s c l e .  The e v i d e n c e  
o f  m u s c u l a r  c o o r d i n a t i v e  p a t t e r n s  seems t o  p r o y i d e  s t r o n g  s u p p o r t  
f o r  t h e  h y p o t h e s i s  t h a t  t h e  m e n t a l i s  was a c t i n g  a s  t h e  i n i t i a t o r  
f o r  an a b r u p t  r o u n d i n g ,  The DLI a c t i v i t y  d u r i n g  t h e  001 a c t i o n  
i s  a l s o  e v id e n c e  o f  t h e  a n t a g o n i s t i c  a c t i o n  p o t e n t i a l s  p i c k e d  up 
d u r i n g  sudden  r o u n d in g  movements .  F u r t h e r m o r e ,  i n  t h e  [iuai;]
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t h e  DLI p r e s p e e c h  p o t e n t i a l s  a l s o  s t a r t e d  a s  e a r l y  a s  t h e  
o n s e t  o f  a c o u s t i c  a c t i y i t y .  T h i s  e v e n t  i m p l i e s  t h a t  t h e  
i n i t i a l  p a r t  o f  t h e  s y l l a b l e  needs  a n e u t r a l  p o s t u r e ,  o t h e r w i s e  
t h e r e  m i g h t  haye been DLI m u s c u l a r  a c t i y i t y  o c c u r r i n g  p r i o r  
t o  t h e  a c o u s t i c  o n s e t  i n  o r d e r  t o  p r e p a r e  t h e  o r a l  c o n f i g u r a t i o n  
f o r  t h e  s p r e a d i n g  e l e m e n t .
A p p a r e n t l y ,  f rom t h e  dynamic p o i n t  o f  y i e w ,  t h e  m u s c u l a r  
c o o r d i n a t i o n  b o th  i n  t h e  d i p h t h o n g s  and t h e  t r i p h t h o n g s  o y e r l a p s  
a lo n g  t h e  t im e  d im e n s io n .
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P e r i p h e r a l  m o to r  command and  p h o n o l o g i c a l  u n i t s .
The r e l a t i o n  be tw een  m o to r  commands and p h o n o l o g i c a l  
u n i t s  has  been t h e  s u b j e c t  o f  c o n t r o v e r s y .  The re  has  been 
c o n s i d e r a b l e  d i s a g r e e m e n t  i n  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s .
From t h e  H ask ins  L a b o r a t o r y  (L ie be rm an  e t  a l . ,  1964)  i t  was 
r e p o r t e d  t h a t  t h e r e  a p p e a r e d  t o  be a  conmon c o r e  o f  EMG a c t i v i t y  
t h a t  r em ain ed  c o n s t a n t  when a phoneme a p p e a r e d  i n  d i f f e r e n t  
c o n t e x t s .  Th is  c o n c l u s i o n  i s  i n  f a v o u r  o f  t h e  c o n c e p t  t h a t  
a p h o n o l o g ic a l  e l e m e n t  i s  c o r r e l a t e d  w i t h  a f i x e d  p a t t e r n  i n
4
t h e  b r a i n .  The H ask ins  g ro u p  c l a i m e d  t h a t  t h e  EMG c o r r e l a t e s  
o f  t h e  phoneme w e r e  i n v a r i a n t ,  i n  t h a t  t h e  EMG s t u d i e s  o f  t h e  
l i p s  and p a l a t e  and o f  t h e  f a c i a l  m u s c u l a t u r e  were  i n i t i a l l y  „ 
i n t e r p r e t e d  as  s t r o n g l y  s u p p o r t i v e  o f  t h e  c l a i m  o f  i n y a r i a n c e .  
However , a  r e - e x a m i n a t i o n  o f  t h e s e  s t u d i e s  showed t h a t  t h e i r  
s u p p o r t  f o r  t h e  c o n c e p t  o f  i n v a r i a n c e  i s  n o t  a s  s t r o n g  as  i t  
was a t  f i r s t  t h o u g h t  t o  be .
A n o th e r  group (Ohman, P e r s s o n ,  and L e a n d e r s o n ,  1967)  
c o n c lu d e d  from t h e i r  EMG i n v e s t i g a t i o n  t h a t  t h e r e  i s  a minimal  
n e u ra l  u n i t  c o r r e s p o n d i n g  t o  a phoneme, r e g i s t e r e d  i n  t h e  b r a i n .  
In t h e i r  y iew ,  i t  i s  t h e  s p e c i f i c a t i o n  o f  t h e  v o c a l - t r a c t  
c o n f i g u r a t i o n  r e q u i r e d  f o r  a phoneme t h a t  i s  i n v a r i a n t ,  t h e  
o c c u r r e n c e  o f  a r t i c u l a t o r y  v a r i a t i o n s  i n  t h e  a c t u a l  u t t e r a n c e  
be in g  t h e  r e s u l t  o f  c o n t e x t u a l  c o n s t r a i n t s .  As a l s o  s t a t e d  
by Leanderson  and Lindblom ( 1 9 7 2 :3 6 2 )  " T h e re  i s  c l e a r  e v i d e n c e
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t h a t  t h e  EMG a c t i y i t y  i s  c o n t e x t - d e p e n d e n t ,  yowel  d u r a t i o n  
v a r i e d  s y s t e m a t i c a l l y  as  a f u n c t i o n  o f . b o t h  yowel  i d e n t i t y  
and c o n s o n a n t a l  e n v i r o n m e n t " .
Fromkin (1968:  4 ) ,  however ,  made an EMG i n v e s t i g a t i o n  
o f  t h e  E n g l i s h  b i l a b i a l  c o n s o n a n t s .  She found  t h a t  t h e  EMG 
o f  t h e  c o n s o n a n t s  in  i n i t i a l  p o s i t i o n  d i f f e r e d  from t h o s e  i n  
f i n a l  p o s i t i o n .  She c o n c lu d e d  from t h i s  t h a t  one m u s t  assume 
t h a t  t h e r e  must  be d i f f e r e n t  s e t s  o f  m o to r  coranands f o r  a t  
l e a s t  some o f  t h e  a l l o p h o n i c  y a r i a n t s  o f  phonemes,  i . e .  t h o s e  
c a l l e d  " e x t r i n s i c  a l l o p h o n e s "  by L ade foged  ( 1 9 6 6 ) .  F i n a l l y ,
Fromkin s u g g e s t e d  two a l t e r n a t i v e  i n t e r p r e t a t i o n s  o f  t h e  f a c t  
t h a t  t h e  n e u ra l  m u s c u l a r  c o r r e l a t e  o f  a  g i y e n  phoneme IS d i f f e r e n t  
i n  d i f f e r e n t  p h o n e t i c  c o n t e x t s  (1968:  1 7 0 ) .
" 1 .  The minimal  l i n g u i s t i c  u n i t  c o r r e s p o n d i n g  t o  t h e  m o t o r  
commands which p ro d u ce  s p e e c h  i s  l a r g e r  t h a n  t h e  phoneme,  p e r h a p s  
more o f  t h e  n H e r  o f  a s y l l a b l e ;
2 .  Motor  commands r e l a t e d  t o  phoneme p r o d u c t i o n  a r e  a l t e r e d ,  
i . e .  c o n t e x t  r e s t r i c t e d ,  e i t h e r  by f e e d b a c k  i n f o r m a t i o n  c o n c e r n i n g  
t h e  e x i s t i n g  s t a t e  o f  m u s c u l a r  m o t i o n ,  o r  by s t o r e d  i n f o r m a t i o n  
i n  t h e  s h o r t - t e r m  memory."
The r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  seem t o  
s u p p o r t  t h e  s u g g e s t i o n  t h a t  t h e  min imal  u n i t  o f  n e u r a l  o r g a n i s a ­
t i o n  i s  s y l l a b l e - s i z e d  r a t h e r  t h a n  s e g m e n t - s i z e d .  The EMG e v i d e n c e  
f o r  t h e  (CV) s y l l a b l e s  c o n t a i n i n g  monophthongs  shows no o n e - t o - o n e  
c o r r e s p o n d e n c e  be tween  C o r  V segmen ts  and n e u r a l  commands.
The r o u n d in g  g e s t u r e  f o r  t h e  vowels  h a s  a n t i c i p a t o r y  a c t i y i t y
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p r i o r  t o  t h e  p r e c e d i n g  c o n s o n a n t .  T h i s  a n t i c i p a t i o n  was found 
a l s o  i n  t h e  yowel p r o d u c t i o n  o f  American  E n g l i s h  ( F ro m k in ,  1 9 6 8 ) ,  
R uss ian  (Kozhevnikov  and C h i s t o v i c h ,  1 9 6 5 ) ,  and Swedish  ( L e a n d e r s o n ,  
P e r s s o n ,  and Ohman, 1971 ;  Lubker  e t  a ! . ,  1974 ;  Hadding 1969 ,  1976 ) .  
D e s p i t e  t h e  p r im acy  c l a i m e d  f o r  s y l l a b l e s  o f  t h e  s t r u c t u r e  CV 
( J a k o b s o n ,  1 9 6 6 ) ,  i t  i s  e v i d e n t  t h a t  t h e  i m p l i e d  s e q u e n c e  o f  
u n i t s  C-V has no c o u n t e r p a r t  a t  t h e  n e u r o - m o t o r  command l e v e l .  
I n s t e a d  t h e r e  i s  a dynamic e v e n t ,  which  m ig h t  more a p p r o p r i a t e l y  
be s c h e m a t i z e d  as  '
The EMG evdience from d i p h t h o n g s  and t r i p h t h o n g s  seems 
a l s o  t o  s u p p o r t  t h i s  h y p o t h e s i s .  The n e u r a l  programming a p p e a r s  
t o  be e x te n d e d  beyond any one  e l e m e n t  o f  a d i p h th o n g  o r  *of 
a  t r i p h t h o n g .  The e v i d e n c e  o f  m u s c u l a r  c o o r d i n a t i o n  s u g g e s t s  
t h a t  a d i p h t h o n g a l  o r  a t r i p h t h o n g a l  u t t e r a n c e  i s  p e r f o r m e d  i n  
r e s p o n s e  t o  a s i n g l e  m oto r  command programme.  T h i s  f a v o u r s  
t h e  p h o n o l o g ic a l  i n t e r p r e t a t i o n  o f  Thai  d i p h t h o n g s  and t r i p h t h o n g s  
a s  monophonematic  u n i t s ,  r a t h e r  t h a n  as  s e q u e n c e s  o f  phonemes,
a s  i s  f r e q u e n t l y  done  in  Thai  phono logy  i n  t h e  name o f  'economy'
. . .  •+ i*  As L ave r  (1970:  73) s a i d :  " A r t i c u l a t i o nand ' s i m p l i c i t y ' .
c o n t r a c t i o n  i s  t h e  r e s u l t  o f  a s p e c i f i c  n e u r a l  c o n t r o l  p rog ram " .
The p r o d u c t i o n  o f  an a c c e p t a b l e  u t t e r a n c e  somehow seems t o  be 
c o n t r o l l e d  by s e l f  m o n i t o r i n g  which i s  p a r t i a l l y  a u t o m a t i c a l l y  
c o n s t r a i n e d  by a c q u i s i t i o n  from c h i l d h o o d .  In  o t h e r  w o r d s ,  t h e  
r a n g e  o f  t a r g e t  p o s i t i o n s  i s  a l i n g u i s t i c  c a p a b i l i t y  a l r e a d y  
e s t a b l i s h e d  a t  t h e  l an g u a g e  a c q u i s i t i o n  s t a g e .
* For  exam ple ,  t h e  d i p h th o n g  [ a ! ]  i s  t r e a t e d  a s  a s e q u e n c e  o f  
phonemes /  a /  and /  y / .
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L a b ia l  mechanisms and d i s t i n c t i v e  f e a t u r e s .
The o n l y  f e a t u r e s  i n  t h e  Chomsky and H a l l e  sy s te m  
t h a t  c o u l d  be c o r r e l a t e d  w i t h  t h e  m u sc l e s  i n v e s t i g a t e d  in  
t h i s  s t u d y  a r e  + Round and T e n s e /L a x .
The Round /Spread  d i s t i n c t i o n .  The m usc le  p r i n c i p a l l y  a s s o c i a t e d  
with,  t h e  f e a t u r e  +Round i s  0 0 1 ,  though  m e n t a l i s  a l s o  p l a y s  
a r o l e .  In g e n e r a l  we can sa y  t h a t  vowels  c l a s s i f i e d  a s  +Round 
w i l l  Show, p r e s e n c e  o f  001 a c t i v i t y ,  w h i l e  vowels  c l a s s i f i e d  
a s  -Round w i l l  show a b s e n c e  o f  001 a c t i v i t y .  The i n t e n s i t y  
d im ens ion  o f  001 a c t i v i t y  shows a g r a d i e n t  o f  d e g r e e s  o f  r o u n d i n g .  
S t a r t i n g  w i th  t h e  g r e a t e s t  d e g r e e  o f  001 a c t i v i t y  and work ing
A
down t o  t h e  w e a k e s t ,  t h e  vowels  a r e :  u: u ,  o:  o ,  o: o «
This  c o r r e s p o n d s  c l o s e l y  as  one m i g h t  e x p e c t  t o  t h e  d e g r e e  o f
l i p  r o u n d in g  which l e s s e n s  as  t h e  vowels g e t  more o p e n .  T h i s r 
c o u l d  be s p e c i f i e d  by means o f  a m u l t i - v a l u e d  p h o n e t i c  f e a t u r e  
' K e a n s ' ,  w i t h  v a l u e s  r a n g i n g  f rcm  1 t o  C.
Ev idence  from t h e  EMG a c t i v i t y  o f  t h e  001 and  t h e  
m e n t a l i s  i n d i c a t e s  t h a t  t h e  r e l a t i o n s h i p  be tween  t h e  d i s t i n c t i v e  
f e a t u r e  +Round and th e  m o to r  command f o r  r o u n d i n g  g e s t u r e  does 
n o t  seem t o  be s i m p l e .  In  t h e  s y l l a b l e s  p r e c e d e d  by g l o t t a l  
s t o p  t h e  round ing  a c t i v i t y  o f  t h e  l a b i a l  p a r a m e t e r  i n v o l v e s  
t h e  i n i t i a t i n g  a c t i v i t y  f rom t h e  m e n t a l i s ,  w h i l e  t h i s  a c t i v i t y  
seems t o  be u n n e c e s s a r y  f o r  t h e  p r o d u c t i o n  o f  t h e  r o u n d in g  g e s t u r e  
o f  t h e  s y l l a b l e s  p r e c e d e d  by [ k ]  , ( s e e  IC XIII-XXIV)*
The DLI i s  a s s o c i a t e d  w i t h  s p r e a d i n g ,  f o r  which  t h e r e
i s  no c l a s s i f i c a t o r y  f e a t u r e  i n  t h e  Chomsky and H a l l e  s y s te m .
j
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The vowels  showing p r e s e n c e  o f  DLI a c t i v i t y  a r e :  1: I ,  e : J
e ,  e :  e ,  a :  a .  The DLI i n t e n s i t y  demension  r e s u l t s  in
t h e  f o l l o w i n g  a r r a n g e m e n t  o f  vow e ls :  i : ,  e : ,  e : , I , e  , e ,
( f o r  a : s a s e e  u n d e r  T e n s e / L a x ) .  The vowels  m: ,  w , * : s y 
a r e  c h a r a c t e r i s e d  by a b s e n c e  o f  a c t i v i t y  o f  0 0 1 ,  DLI, and  Ment.  
A c cord ing  t o  the  l i p  m usc le s  engaged  in  t h e i r  p r o d u c t i o n ,  t h e  
Thai  vowels  c a u l d  be c l a s s i f i e d  as  be low:
+Round + Spread  -Round ,  - S p re a d
u : ,  u ,  o : s o  ,  o : ,  o  i : ,  I ,  e : ,  e  , e : ,  e  w : ,  w ,  * : ,  *
/
a : ,  a
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T h i s  c l a s s i f i c a t i o n  c o r r e s p o n d s  q u i t e  vvel 1 t o  t h e  t r a d i t i o n a l  
c l a s s i f i c a t i o n  in  te rms  o f  tongue  h e i g h t ,  p a r t  o f  t o n g u e  r a i s e d ,  
and  a c t i o n  o f  t h e  l i p s ,  though  i t  m i g h t  p e r h a p s  have been e x p e c t e d  
t h a t  [ a : ,  a ]  would be long  t o  t h e  -Round^ - S p r e a d  group-
The T ensc /Lax  d i s t i n c t i o n .  T e n s e n e s s  i s  d e f i n e d  by  Oakobcon,
F a n t  and H a l l e  (1967 :  36) a s  f o l l o w s  " I n  t e rm s  o f  p r o d u c t i o n :  
t e n s e  phonemes a r e  a r t i c u l a t e d  w i t h  g r e a t e r  d i s t i n c t n e s s  and 
p r e s s u r e  t h a n  t h e  c o r r e s p o n d i n g  l a x  p h o n e m e s . . .  The h i g h e r  
t e n s i o n  i s  a s s o c i a t e d  w i t h  a g r e a t e r  d e f o r m a t i o n  o f  t h e  e n t i r e  
v oc a l  t r a c t  from i t s  n e u r a l  p o s i t i o n .  T h i s  i s  in  a g re e m e n t  w i t h  
t h e  f a c t  t h a t  t e n s e  phonemes have a l o n g e r  d u r a t i o n  t h a n  t h e i r  
l a x  c o u n t e r p a r t s " p  By F a n t  (1972:  363)  t h e  f e a t u r e  was d e f i n e d  
" T e n se n e s s  i s  p h o n e t i c a l l y  d e s c r i b e d  by an a r t i c u l a t i o n  w i th  
g r e a t e r  o v e r p r e s s u r e  beh ind  t h e  p l a c e  o f  t h e  a c t i v e  s o u r c e s  i n  
t h e  c a s e  o f  vowels  a h i g h e r  s u b g l o t t a l  p r e s s u r e . . .  t e n s e n e s s  i s
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a s s o c i a t e d  w i t h  a more e x t r e m e  a r t i c u l a t o r y  p o s i t i o n . . .  t h e  
l o n g e r  d u r a t i o n  and h igh  i n t e n s i t y  o f  t h e  n o i s e " .  A c c o rd ing  
t o  t h e  Chomsky and  H a l l e  d i s t i n c t i v e  f e a t u r e s  p a r a m e t e r ,  t e n s e  
and l a x  in  vowels  seem t o  be t h e  r e d u n d a n t  f e a t u r e s  o f  long  and 
s h o r t .
In  i n v e s t i g a t i n g  d e g r e e s  o f  t e n s e n e s s  in  vowels  i t  
would c l e a r l y  be o f  pr ime i m p o r t a n c e  t o  i n v e s t i g a t e  t h e  t e n s i o n  
o f  t h e  t o ngue  m u s c l e s .  I t  may be i n t e r e s t i n g ,  n e v e r t h e l e s s ,  t o  
l o o k  a t  t h e  Thai  vowels  f rom t h e  p o i n t  o f  view o f  t h e  t e n s i o n  
o f  t h e  l i p  m u s c l e s .
J u d g in g  by t h e  i n t e n s i t y  d im e ns ion  o f  EMG o f  t h e  
l a b i a l  m u s c l e s ,  t h e r e  i s  no c o r r e s p o n d e n c e  i n  Thai  between 
a long  vowel and h igh  m u s c u l a r  t e n s i o n ,  o r  a s h o r t  vowel and 
low m u s c u l a r  t e n s i o n .  In  t h e  ro u n d  vowels  t h e  EMG i n t e n s i t y  
d im e ns ion  c o r r e l a t e s ,  a s  we have s e e n  a b o v e ,  w i t h  t h e  d e g r e e  * 
o f  l i p  VAo u n d i n a c T h a t  i s ,  we have round w i t h  h igh  m u s c u l a r  
t e n s i o n ,  c l e a r l y  i n d i c a t e d  by p l a t e a u - l i k e  c u r v e  and round  
w i t h  low m u s c u l a r  t e n s i o n ,  i n d i c a t e d  by p y r a m i d - l i k e  c u rv e  
( s e e  AIC I ,  I I ,  I I I ) ;  T h i s  i s  o f  c o u r s e  a t  v a r i a n c e  t h e  Chomsky 
and H a l l e  m o d e l ,  which t r e a t s  t e n s e / l a x  as  c o - t e r m i n o u s  w i th  
l o n g / s h o r t ,  and would p r o d u c e  a c r o s s  c l a s s i f i c a t i o n :
+Tense - T e n s e ( L a x )
u: u
o :  o
o: o
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An i m p l i c a t i o n  f o r  t h e  t r a d i t i o n a l  c l a s s i f i c a t i o n  may be t h a t  s h o r t  
vowels a r e  " l a x  " r e l a t i v e  t o  " long  " t e n s e  c o u n t e r p a r t s ,  i n t e r p r e t e d  
l i t e r a l l y  w i th  r e s p e c t  t o  t h e  u n d e r l y i n g  m usc le  a c t i v i t y  p a t t e r n s .
Th is  i m p l i c a t i o n  r e q u i r e s  g r e a t e r  a c t i v i t y  in  a l l  t h e  r e l e v a n t  m usc le s  
f o r  t h e  t e n s e  vowel .  However , a c c o r d i n g  t o  Raphael  ( 1 9 1 1 ) ,  Raphael  
and B e l l - B e r t i  (1975)  have shown t h a t  t h e r e  i s  no e v id e n c e  in  E n g l i s h .
Looking a t  t h e  i n t e n s i t y  d im ens ion  o f  DLI a c t i v i t y  we 
f i n d  a p i c t u r e  t h a t  c o r r e s p o n d s  f a i r l y  c l o s e l y  t o  t h e  t r a d i t i o n a l  
f e a t u r e  c l a s s i f i c a t i o n ,  i . e .  [  i :  e :  e :  3 would be + Tense ,
C i e e ]  -T ense  (L a x ) .
Moreover ,  r e g a r d i n g  t h e  DLI a c t i v i t y  in  [ a :  a ]
( s e e  IC XXV), a l t h o u g h  t h e r e  was a s i g n  o f  m usc le  a c t i v a t i o n ,  no 
m u s c u l a r  d i s t i n c t i o n  between t h e  two can be o b s e r v e d .  These  v o w e l s ,  
t h e r e f o r e ,  have t o  be c l a s s i f i e d  a s  l a x  f o r  bo th  t h e  long  and t h e  
s h o r t  c o u n t e r p a r t s .
I t  i s  a l s o  e v i d e n t  f rom t h e  EMG t r a c e s  o f  t h e  0 0 1 ,  t h e  
DLI, anu liie nirnvai tfiai,  c h e r e  is na ro«y  any m u s c u i d r  a c t i  
p ro d u c in g  t h e  back unrounded  vowels  H w; u j  * :  *  3 .
The l i p s  seem t o  be in n e u t r a l  p o s t u r e  w h i l e  p r o d u c i n g  t h e  vow e ls .
From an a r t i c u l a t o r y  p o i n t  o f  v i e w ,  t h e r e f o r e ,  t h i s  c h a r a c t e r i s t i c  
p h y s i o l o g i c a l l y  i n d i c a t e d  t h a t  t h e  n o n l a b i a l  a c t i v i t y  i s  a f e a t u r e  
d i f f e r e n t i a t i n g  t h e  Cm: uj v;. v 1 f rom o t h e r  monophthongs.
Judged  from t h e  p o i n t  o f  v iew o f  t h e  t e n s i o n  o r  l a c k  o f  t e n s i o n  o f
th e  l i p  m u s c l e s ,  t h e s e  vowels  would a l s o  have  t o  be c l a s s e d  as  -T e n se  ( L a x ) .
A proposed  c h a r t .
The f o l l o w i n g  r e a r r a n g e m e n t  o f  t h e  Thai  vowels  in  
t e rm s  o f  m u s c u l a r  t e n s i o n  o f  t h e  l i p  p a r a m e t e r  i s  p r e s e n t e d :
Spread N e u t r a l Rounded
t e n s e l a x l a x t e n s e  l a x
I: I u j : u:  o
e : e UJ u o:





The above a r r a n g e m e n t  r e f l e c t s  H e n d e r s o n ’ s comment (1975 :  251) 
"Tha t  so many w r i t e r s  have l a b e l l e d  t w ]  ,1 * 3 a s  c e n t r a l  
a l o n g  w i t h  [ a  J  , does  n o t ,  o f  c o u r s e ,  n e c e s s a r i l y  mean t h a t  
t h e y  b e l i e v e d  them t o  be c e n t r a l  in  t o n g u e  p o s i t i o n .  More 
p r o b a b l y  t h e  w r i t e r s  in  q u e s t i o n  were  n o t  much c o n c e r n e d  w i t h  
p h o n e t i c  d e t a i l ,  and chose  ’c e n t r a l '  a s  a c o n v e n i e n t  l a b l e  
f o r  vowels  which a r e  n e i t h e r  t h e  f a m i l i a r  f r o n t  un rounded  no r  
back  r o u n d e d ,  bu t  someth in g  * b e t w e e n ' t h e  t w o 1 i n  some s e n s e ,  i ,  
s p r e a d  l i k e  a f r o n t  vowel ,  b u t  more r e t r a c t e d ,  l i k e  a back one" 
I t  t s  r e c o g n i s e d  t h a t  t h e  p r e s e n t  s t u d y  i s  o n l y  
a p r e l i m i n a r y  i n v e s t i g a t i o n  b a sed  on o n l y  t h r e e  m ajo r  l i p  
m u s c l e s  i n y o lv e d  in  t h e  a r t i c u l a t i o n  o f  y o w e l s .  B e f o re  any 
s e r i o u s  r e a p p a r a i s a l  o f  Thai p h o n e t i c s  and phonology  can  be 
a t t e m p t e d ,  much more v/ork i s  n e e d e d ,  on t h e  o t h e r  m u s c l e s  
i n v o l v e d  in  s p e e c h ,  e s p e c i a l l y  t h o s e  o f  t h e  t o n g u e ,  and on many 
more  c o n s o n a n t  and vowels  c o m b i n a t i o n s .
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I t  i s  hoped,  however ,  t h a t  t h i s  f i r s t  m odes t  s t e p  
e n c o u ra g e s  f u r t h e r  e l e c t r o m y o g r a p h i c  r e s e a r c h  i n t o  T h a i ,  so 
a s  t o  p r o v i d e  n o t  o n l y  p r e c i s e  s p e c i f i c a t i o n s  o f  p h y s i o l o g i c a l  
p a r a m e t e r s  b u t  a l s o  t o  s u p p l y  a sound  b a s i s  f o r  t h e  e s t a b l i s h m e n t  
o f  t h e  e l e m e n t s  o f  Thai  phono logy .
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